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\ ABSTRACT

\
y

This thesis incorporates an explicit depiction of
chemical warfare (CW) in the AirLand Advanced Research Model
(ALARM) being developed at the Naval Postgraduota SChooi
based on the Army's AirLand Battle doctrine. The CW ﬁodule
centers on a plahnin§ algorithm using‘tho generalized value
systenm (GVS) for future state decision making. The planning
,algorithm oomprisos the Commander's Estimate of the -
Situation. The GVS quantifias capabilities and importance
of all battlefield entities. The CW module represents key
chemical staff functions. Tha.algorithm's decision rule is
'oxtendod‘ adding aspects of -utility theory. The basic
concepts of the module  are demonstrated in an application
"computar program running a combat scsnario. The program
generalizos previous devolopment work on the GVS and the
planning algorithm, producing a plan consisting of the
courses of action of greatest value in performing the

mission. 1Its interactive-structure provides the basis for a

i

staff traininq aid or decision support system A
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I. INTRODUCTION

A. PURPOSE
The purpose of this thesis is to extend the development

of the.AirLand Advanced Research Model (ALARM), an on-going
effort at the Naval Postgraduate School, by ihcarporating an
explicit dépiction of chemical warfare (CW). The chemical
module functions as a surrogate for the headquarters
chemical staff sections from battalion through 'corps by
analyzing effects of enemy chemical empioyment, "advising"
the commander of'appropriata actions, vlanning and directing
cw'defense, and planning friendly chemicai retaliation. A
computerized application demonstrates the logic framework of
the module and provides a bagis for an interactive-training

and planning aid for field commanders and their staffs.

B. BACKGROUND
1. AirlLand Battle ‘

ALARM is a develcpmental model fér new concepts in
combat modeling which can be used in evaluating the US
Army's AirlLand Battle doctrine [Ref. 1]. The Army's
Trairing and Doctrine Command developed AirLand Battle
doctrine as a response to changing technology and
operational conditions, especially in NATO. The Juature
battlefield is envisioned as having relatively indistinct

battle lines, with boundaries between front and rear areas




hbeing blurred, as attacking forces penetrate or bypass
forward defenses'in order to aivide, disrupt, démoralize,
- and quickly defeat their"opponenté. AirLand Battle
postulates the use of depth, initiative, agility, and
synchronization to defend againét intense, numerically

superior attacking forces. Besides‘holding off attacking

forces in direct contact, operational lével commanders must

strike ‘in depth against supporting units or approaching
units that are not yet committed. By delaying, damaging, of
destroying uncommitted units, the enemy's timetable is
upset, ;léernatives are taken away from the enemy commander,
his organization is disrupted,‘and the attacker's initiative
is lost. Obviously, with limifed assets for such deep
strikes, those enemy units whose deiay or gestruction will
provide the most benefit must be identified, located, and
attacked before others [Ref. 1]. |
2. ALARM
| Initially, ALARM will be ‘a systemic model (no

man-in-the-loop interactidn). This is_ intended to allow
more consistency, control, and predictability in decision
making and more timely results. It also means that decision
making must emulate, as closely as possible, human decision
processes. As currently being deveioped, ALARM will model
the BLUE planning and order functions, with interfaces to an
execution model. The as-yet unspecified execution model

will depict the physical conduct of the battle. It will

"




respond to orders provided by ALARM and provide situation
reports and updates to ALARM for further plannin; and. order
‘preparation. In a sense, then, ALARM will perform multiple
level command and sktaff functioné, from battalion through
corps, with the execution model adapted go ALARM actually
nfighting" -the battle [Ref. z] '

One of the'key concepts being developadlfof ALARM,
to enakle planning for the batt!q in general and for the
deep strikes»called for by'AirLand Battle doctrine, is the
Generalized Value System (GVS) [Ref. 3].

The évs has two innovative features upon which ALARM.
hinges. First, all entities in the model, whether combat
units, sdpport units, key terrain, or man-made cbjects, yili

' have comparable units of measure of their value. The common
unit of value is the Standard Power Unit; or STAPOW. An
entity's total power is the sum of its inherent ahd.derived

p;wer; A combat unit h;s p:edominantiy inherent power, due
to its ability to directly disrupt, delay, or destroy the
pcwer of enemy entities.. 'Suppbrf units and,other.entifies
have mostly derived power based on their ability to incfease
‘or maintainvthe inherent or derived power of other friendly

entities.

The basic power of  each entity is adjusted to
account for such situational factors as personnel and
equipment status, mission, location, and speed of movement. .

Situationally adjusted power allows for the fact that an
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.cntity's value d‘opends b.n its state, the 4speéltie combat
situation, and the differing perspectives of commanders at
different organizational 1levels. This common, adjustakle
metric allows the 'application of the second feature of GVs:
future stats decision making. In mcst current rodels, the
only information available *o the human decision maker is‘
th; brévailing status of engaged combat forces. Then the
decision maker has to project this infomatiqn mentally to
compare possible future states in order to plan. The GVS -
provides mathematical ralationships that predict the state
of a;xy entity at any point in time, in STAPOWS. This makes
it possible to attempt to model decision making based on
AirlLand Battle doctrine. |
3. Chemical Warfare

Employment of chemical ayents by the 4Soviet Union or.
-its surrogates has been documented over much of the world in
recent years.. Soviet doctrine makes CW a standard t;c\ctical
tool for their commanders. Soviet equipmént axlqd training
facilitate its use. Chemical weapons are easily produced
a;xd their use by Third-World countries suchlas Irag and Iran
has also occurred. The threat to the US and its allies is
clear (Ref. 4].

Two major factors, however, have led the US military
"to be inadequately prepared to deal with Cv. Firsﬁ, uUs
forces have not experienced large scale employment of

chemical weapons against them since World War I.  Second,

10




the effects and rigors .imposcd by CW can make thé subject
l.ocm *too hard."” Thus CW has often been put off, assunmed
awvay, or ignored in mi‘.litary analysis, planning, and
training in order to be able to deal with other aspects of
warfare. .
This situation has typicaily- manifested .itsa;f., in
combat mocieling in the following ways:

- Ignoring CW: 'stayinq conveational,

- Playing (W manually, off-line (especially training
models). . '

- Adding on inadequate CW mcdules, after the modal has
been designed, leading to weak interfaces with the rest
of the model and making it easy to "turn off" CW or
'ignore it, usually with little or no penalty. ‘

- cOnt‘:riving special purpose CW modele, with weak
depiction of other aspects, leading to questionable
results and lack of usefulness in combined arms studies.

Failura to include CW conditions in plamﬁ.ng and
modeling where a chemical threat exists is unrealistic and
potentially dangerous. oW m'xst ba treate¢ as. a condition of
the battlefieid to be dealt with along with all other
factors. '

The ALARM Ioffers a unigque opportunity to integrate
' 'Cw‘beginriing with the model 'vs early development. The GVS is
particularly well suited to the -analysis of CW. For
example, future state decision making is specifically
intended for ~allocating scarce aésets such as chemical

munitions and chemical defense units. ALARM will also

eventually permit an analysis of the effects of CW on

11




logistical units'and taciiitios, by using the GVS through
the application of derived power.’

A technical and doctrinal suzmary of chemical
wvarfare from US ahd Soviet pcrspcctivof is at Appendix A.

C. ORGANIZATION OF THE THESIS
1. Methodology |

Kilmer [Rof. 3] provides the b;sic dovglopnant of
the GVS. Using these concepts, Fletcher (Ref. 5] propoic- a
planning algorithm for ALARM. This thesis provides 'a
- structure for a chemical varfare functional -odulp available
¢o the planning modules at ohch orqanizationalflovcl. The
application example is based on PFiu‘cher's algorithm, and
extends some of the concepts discussed by Kilmer. |

The chenical battle ic‘docompoacd into its defensive
and rotaliatofy components. The decision logic required to
survive and fight in a chemical env ronment is incbrporatpd
into ALARM's planniA; process. In addition:

- Interfaces required with other ALARM modules are
identified. _ , ’

- Paramotors‘r-quirod to be ircluded in the input “data
base are ldentified.

- Mathematical relationships depicting CW effects are
developed from the GVS, gaming, optimization, and
decision thecry techniques.

A computer program is presented dcmonsfratinq the
application of the CW module in a comktat scenario. The
program generalizes Fletcher's program implementing the

ALARM planning module [Ref. %] and adds tba‘éomponents of

12




'fh; CW module. Usor-ihtoractivc data input represents calls
to the ALARM data basa, other planning funqtions, or other
functicnal modules. This approach provides an additiohal
potential use for thc_progran as the basis for a planning
and training aid for field commanders and their staffs. The
model also extends Kilmer's theoretical considerations of

value by applying them  explicitly in Fletcher's decision

rule.

2. Scope and Qutling

The chemical module performs CW analysis and
planning at all orqanizatio'na; ievels depicted by ALARM,
battalion through corps. Headquarters chegica;l. staff
functions at each leval are modeled, plus physical effacts
modeling to.accomplisn,thc required decision tzsks and focd

orders back to the execution model.

Chapter II provides a dcncripticn'df ALARH and the
GVS as necessary to understand development and application
of the CW modulae. ' ‘ _ :

In Chapter III the CW module is described with its
application of the GVS and incorporation 1nto-ALARM;

' Chapter IV presents the computerized application of
the module in a combat scenario. Results of the planning
simulation are presented and discussed. Thesae Qhow the
utility'ot‘the program in a scenario incorporating chemical

warfare conditions. .

12
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Chapter V offers conclusions and discusses
additional work indicated for further development of ALARM
and the CW module. - The results of the application program
indicate thn successful integration of CW into the ALARM
concept. Further work in refining and expanding the CW |
module and developing the program as a stand-alone
applica‘ti,on :l.-liindicatcd. ' : ‘
| Appendix A provides a hack"qround sunhnary of CW and
the conputer program‘appl'ication of the model is at Sppondix

"B,

14
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II. ALARM AND THE GV3

A. ALARM .

The Airland Advanced Research Model is being developed
as a systemic (no un?in-thc-loop interaction) cprps—l.val
model. The architocéurc allows man-in-the<loop if desired.

The primary purposes of ALARM are to: |

- Develop modeling methodology for very large scale and
sptrsely populated rear areas.

- Usn the methodology in wargaming and simulation with
initial emphasis on interdiction.

- Perform research on Air;.and Battle concepts. [Ref. 6]

- The systemic nature of ALARM d.ccates that its decision
making processes emulate human decision processes as closely
as possible. = A combination of decision ncthodoloqics'
followi human decision procedures nore closely than prairious
models. Threshold values are usad to determine when
planning or decision making activities shoﬁld be aexacuted.

For example, when the difference in power between forces

‘oxceeds' the feasibility threshold, a plan =must be made to

restore feasibility. Decision rules are used to limit
alternatives. NQtwork methodologies itemize alternatives
and expected value criteria are used fo m;:ko a dec_ision.
(Ref. 2]

Current ALARM development is focused on the planning

model. Command and staff functions at battalion through

15
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corps are represented. A separate execution model will be
hdaptcd to model the conduct of the battle providing combat
results, battlefield intelligence, and ra#ponsc to the
planning model. At each organizational level, ihc planning
nodol‘}ecoivos orders from the next higher level and, using
the assets provided and its porcciyod situation, prepares a
'#acro"'ﬁlan' for the commitment of units over time to
accomplish the nissicn; Tho‘nacré plan is used to generate
orders ~o the next lcwer organizational echelon. During the
course of the battle, if the macro plan becomes infeasible,
thus threatening defeat, micro planning .is accomplished.
Micro lplannin;g makes decisions on an immediate basis in

order to _adjust the initial plan and avoid losing the

~battle. If nacessary, asiistanéo is requested from the next

higher level.
Three unique methodologies are used by ALARM to parform
the decision function:
1. A time domain network handles the planning function to"
. develop . high level mission requirements for
subordinate units. Arcs on the network represent the
time required to accomplish the activity represented.
2. A framework of layered Ca:tesian space networks
represents physical connections betwaen pcints on the
battlefield. Three networks identified to data are:
- Terrain and transportation network.
- Communications network.

- Logistics resupply network.

16
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3. 'Tho Generalized Value System (GVS) quantifies the
capabilities and importance of all entities on the
battlefield at some future time. [Ref. 2]

The singular thrust of AIARM 1is to model those
procedures used by real commanders and staffs to develop
plans for the commitment of units and the use of other

assets.

B. THE GVS

This section provides a summary of Kilmer's concepts
(Ref. 3) as expressed in Fletcher's planning mbd;l [Ret. 5],
necessary for the devéiopment of a chemical module.
Conccﬁts from both efforts are incorporated and extended in
the CW module. Future state decision making using the
Generalized Value System is the key to thé'planniﬁg process
in ALARM. The basis for these procedures is the
quantification of the capability ofimilita:y organizations
in terms of the power and value of ahy entity on . the .
battlefield, in common Standard Power Units, or STAPOWQ.
Based on the current perceived situation, the power and
value of entities can be forecast over éime, ‘using
combinations of exponential tunctions‘éxpressing thelgrowth
or loss. of power. These functions include realistic terms
expressing‘both enemy and friendly influences on a unit's
power. |

An entity's total pewer is the sum of its inherent and
derived power, measured in STAPOWS. Many entities will have

only inherent or derived 'power, others may have both.

17
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Inherent power is the ability'to disrupt, delay, or destroy
the enemy, as direct combat power. .De;;ved powef is the.
abiiity of ah entity to changé or maintain the inherent
power of other entities. For example, combat units such as
a tank battalion will have inherent powef. Entities such as
b;idges'or supply.units will haQe deriyed'power.

| Inherent power is expressed in several ways, relating it
to the situation over time. Basic inherent power (BIP) is
the inherent power of a unit at full strength, in position
to accomplish a mission against its most 1likely opponent.
The BIP for each entify is a'dérivéd model 1n§ut [Ref.‘3],.
such as -firepower scores. Work is planned at the Naval

Postgraduate School within the next year to systematize and

quantify a catalog of BIP values. The position at which a

unit achie&es its maximum powar is determined for each
situation based on its missicn and information from the

transportation network. The adjusted basic inherent péwer"

(ABIP) is the BIP of a unit adjusted for its actual mission

and condition (STATE), discounted to present tima (prior;to

the accomplishment of the‘missioh). The function is:
ABIPy = BIPy x (Ki'm/DISTi) x £(STATE) (2.1)

where:

Ki,m is a factor associated with the mission, m,
assigned to unit i, '

18




5DISTi'iis the distanca of the unit at the present
time from the position where the mission is
to be accomplished,

ETATEi is the condition of the unit, expressed as a

vector of the percentagss of equipment and
- personnel that unit i pcssess at the present

time, t;, and |
£(STATEj) is a function of the unit's condition
resulting in a value between 0 and 1.

The f£(STATEj) used in the application later ;3 the
square réot of the product of the percentages of equipment
and perscnnel on hand as a description of the readiness of
the unit. Tﬁeroforn, ABIP is the measure of the power of a
unit at the hdéinninq of the planning time period,
tp < ta,i, where t, y is the time at which entity i is
calculated to arrive in‘position‘to perform its mission.
The time of arrival, ta,i, is given by DIST;/SPEED;, where
SPEEDi'is the average speed at which the unit is able to
move along the minimum time path of the transportaticn
network to its position.

The situaticnal inherent power (SIP) of an entity is the
foreqasted inherent‘power_for time, t. It is assumed that,
without atﬁrition, as a unit comes closer to performing its
mission its power increases exponentiaily over time.

i

SIPi,x = ABIP; x exp(Dj X (t-tp)), tp <t <ty (2.2)

where:

19




:Di is the rate at which power 1ncreaseL from ty to

ta’io

D; = (1n(sxpi,talikABIPi))/(ta,i'tp) {

(2.3)

Computationally, SIPi,t, i/Asxpi = DISTj. This substitu-
’ '

tion is used in the module applicétion computer progran.

Similarly, after a unit is in position to acéomplish its

mission, it is assumed that, without resupply

and again

without attrition, its power will decay exponentially over

time due to its consumption of resources:

SIPj ¢ = SIPi’ta L X exp(-Uj m X(t-ta j)), ¢t

’

where:

Ui,m 1is the resource usage rate of unit
mission m.

> ta

'i

(2.4)

i with

When u unit engages an enemy unit j, itJ power is

further reduced by an attrition rate ATTj 4:

SIPj,¢ = ABIP x exp((Di-Ui'm-ATTi'j) x (t-tp)),

tp 2t <t,,4

SIPj,t = SIPi,¢_ . X exp((-Uj, p=ATTj,4) X (t-ta,
L4

t2t,,4

20
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Equations 2.5 and 2.6 are general forms and may be
adjustad for specific cases baséd on tﬁi situation or the
time of application. The exponential factors may be
adjusted with time as we‘ll. For exzmple, if a unit is
engagad by more than one enemy entity at various times, the
sum of the enemy units"attrition rates‘isfapplied to. the
power compﬁtation at the times at which they apply. The
rosdurce usage fadtor, U, may be adjusted for various phaseé
of an operation. |

Applying these equations to the development of a unit's

power over time results in a curve such as the one shown in

Pigure 2-1.

gL
"
4
& L
&
3
a.g-_
° Y ! ) 1 ] i ! L 1
0 3 10 15 20
Tp Ta Teng " TIME

Figure 2-1 Example of the Power Curve of an Entity
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C. THE PLANNING ALGORITHM |

The planning process'begins with receipt of an order in
' the form of a macro plan from the next higher o:ganizational
lovol. Fletcher's planning algorithm consists of a modified
estimate of the situation uoed by Army ccmmanders to decide
‘how best to accomplish the mission [Ref. 5].' The steps of
Fletcher's algorithm are: | .
- Determine initial mission feasibility.
- Designate the docision point.

Develop feasibla courses of action.

Select a course of action to restore feasibility at the
decision point. :

Repeat until feasibility is restored throughout the
planning period. .

Using the GVs equations, plan feasibility is predicted
based on friendly (blue) force versus enemy (red) force
power comparisons.t The process alsc determines whether a
plan‘will accomplish the miésion ond with what combination
of assets.

Feasibility is determined by whether a threshold
interval of the difference in power between olue and red is
maintained throughout the planning period, given an initial
commitment of  friendly units to the forward edge of the
tattlé area. The model developed by McLaughlin [Ref. 7]
determines this initial positioning of forces necessary to

fight the battle. For simplicity, each force's power is

22




coﬁputed as the sum of the‘ péwer to subordinate uﬁits;
Although eventually it will be necessary to ascertain the.
na;ﬁfo of any synargism that exists among entities in a
force, for the présent this assumption lends consistency and
simplicity of determination to the model. Over the planning
period from the present tinme, tp, to its end, t". each
unit’'s power is compﬁted using variations of equations 2.2
tolz.s. Summing over all entities in each force results in
a total SIP for each side. 'The difference between the power

curves are determined for ezch time step: '
DIFFy = SIPy ¢ = SIPy ¢ - (2.7)

whera: s
SIPy,+ is tha total power for the blue force at

time, t, < t < to, and
SIPy,¢ 1is the powsr of the red force at t.

This difference is compared to the thre§hold.value dictated
by the mission. If the threshold, T, 'is violated, ‘the
'iﬁitial plan is infeasible. An infeasible plan is
illustrated in Figure 2-2. | '

This step of the algorithm is summarized as follows:

- Beginning at the present tlme,.tp, compute all SIPj,¢

- Compute SIPx,t(zi SIPj,t) and SIPy ¢-

- Compute DIFF¢.
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Figure 2-2 Example of an Infeasible Plan

- If DIFFy < T, then t = t4, the decision point.

- Increment t, by t, the size of the time step, and
repeat until t = t,.

2. Designate the Decision Point
The decision point is the ﬁoint in time at which the
difference curve viclates the threshold value. A decision
must be made to commit, previously uncommitted units at or

before the decision point in order to decrease red power,

- delay it, or some combination of both. This will shift the

infeasibility point to the right on the power curve or
resolve it altogether. Therefore, the blue force has a

period of time from tp to ty in which to decide which
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uncommitted blue aséctks) to c"omm::t ?aqai:isf: vhich red units
and at what tino,- t, in order to restore feasibility at t4.
3. Des ) .

The ‘;;lanninq algorithm calls for comparing. the
results of targeting each initially uncommitted blue unit
~ against each red unit in each tinme step. It is assumed that.
each blue assat can carry out a nis;iclan against only one
target at a tinme, so each asset-target-time combination is
one possihl; course of action. Obvicusly, all such courses
of action are not viable, however. Deteraination of
, viability incl_udcs' notiﬁcatior.x,and preparation time of the
'subcrdinatc unit, range to the target, and commitment of the
asset to a previocusly salectad .céurse of actién. ' This step:
oé the algorithm identifies for turtner ccnside;ation those

courses of action which are viable:

- Beginning at the present time, t,, for ezch blue unit 1,
for each type mission, if notification time plus &, is
greater than tg4,. go to the next mission type, if" all
missions have been considered go to the next i.

- For each red unit j, if DISTj > RANGE;_, go to next ¥.

- Compute SIPi,t and SIPj't and stora.

- Increment t by At and repeat until notification time
plus t is greater than t4 for all i.

From the viable courses of action, those which
restora feasibility to the plan at ty are feasible and are X

retained for further consideration.
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One.cf the feasible courses of action is selected to
restore feasibility to the plan at the decision point.
Fletcher's algorithm uses the maxirumn ratio of red power
destroyed (PDji) to blue powver used (PUij) as the decision
rule (Ref. 8]: |

' ) ne ne
PDyi/PULy = (SIPy, e, ~8IP§,¢ )/(SIpi,t.d‘“Pi,td) ' (2.8)

vhere sIP;f ‘d' and SIP?C" ty are the original power values of
the red target and blue asset, respectively, at the decision
point if Dblue urﬁ.t i wvere not committed to the course of
actién; The planning process is thus an”optiuiution of the
form: minimize cost, subject to a required iovcl of
effectivenaess. ‘

Once a feasible course of action is selected, new
total power 'cixrvcc' are generated and fcu.ibuity over the
entire planning period is checked. If the overall plan is
still infeasible, the process is repeated until overall
feasibility is obtained or no assets remain to be committed.
In the latter case, or if the assets available can not be
committed in such a way as to restore feasibility, the next
higher organization is notified. This invckes the micro
planning mechanism at that level.

Xilmer ihoorizcd the use of uther <value considera-

tions in this decision process (Ref. 3]. He postulated that
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importanéo of

value is relat

- To determ)
particular

ed to the impo:tanco of an intity in the long

n reasons for considofing value are:

ine which targets shculd be prosecuted by a
asset. : S -

= To determine which asset should prcsecute a particular

target.

Thus a determination of a unit's value is directly relevant

to the selection of a course of action_ in the planning

process.

First,

the value of each asset type in the

organization ik specified as a function of its current ABIP

by the use of

utility functions. Assuninq that each asset

type in the organization will remain ip the same proportion

throughout the battle, this. provides the 1long term

uv(x) =

where:
.X 1is
G 1is

the entity, or Usefulness Value (UV):

BIP§ x (l-exp(G x X/BIPy])/(1-exp(G)) , (2.9)

SIpi,tp' and

a utility coefficient.

The utility tu#ction for a 'risk preferring' decision maker

has a G > 0,

Uv vs. SIP).

esulting in a convex utility curve (plotting

‘risk neutral' decision msker has a straight

line (indifferent) utility curve, and G = 0, A G <0

results in a concave utility curve, which is 'risk aversa.'

27

A,



et e bR I R e e a2 e S R T S
ek - it i lans SO L Rat I ke B i L e e
3

AL P

<

-

Next, the usefulness value is scaled to account for
the availability of the asset and to determine thc value, V,
of the entity. The scaling fabtor is the ratio of the
dcsircd proportion of the entity type to the oxistinql
pzoportion. The user provides the desired proportion, DP,
-of each asset type to oppose a specific enemy force tor.a
given mission. Therefore, DP is.th; desired ratio ofythe
power of the type of entity in question to the péwer of the

entire force:
DP; = (;:BIP(tch 1))/ (IBIP(all vuni.ts)) . (2.10)
The current proportién,.cp, ot.tﬁc4assct type is:
CP{ = (IABIP(type i))/():ABI,p(an units)) . (2.11)
The value of an ongity-x of type a is then:
.vu.((t)) = (DPy/CPa) X UV(X(t)) . o (.2°12)
Thus yalue varies directly with the scarceness of the entity
type. |
The incorporatioh of Kilﬁer's value equations in the

planning process for the chemical module is described in the

next chapter.
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A. CONCEPT

1. General
The ALARM chemical warfare module simulates the

behavior 62 a headquarters chemical staff from battalion
through Corps level. It is one .ot the functional modules
which interact within the planning process to do the

© specialized, detailed decision tasks.A The functional
' modules work with each other in much ﬁha same way as the
_ functional staff elements in a headquarters organization,
coofdinatinq and sharing information. Thus the CW module
rccoLvoi inputs fronm la-nd provides information -to ‘the
inteliigcnco, field artiilory, air, supply, and
transportation modules, as well as the execution nodcl.' It
relies on solutions from the transportaticn and time domain
'notworks for planning movements and siting of
decontamination assets. | _

The CW module is logically based on the planning
‘algorithm. It allows the model to incorporate the use of
chemical .assets in maximizing future power at the point of
decision. ‘sinco chemical resources are relatively scarce
‘compared to potential need, ALARM's architecture and future
state decision making are well suited to thair

.prioritization and scheduling.
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The chemical function can be organized into two main
areas: (1) retaliatory employment of chemical weapons and
(2) chemical defansc. Chenical §o£¢nso can be further
divided into its three doctrinal aspects: (1) contamination
avoidance, (2) protection, and | (3) decontamination.

The overall logic of a basic CW module is depictgd
in the floy éhart in Pigure 3-1. Based on the logical fiow,
a FORTRAN computer prograh demonstrates the application of
the CW module (Appendix B). |

.Tho application program is designed with intoraptivc
data input and output to fori'thc basis for dqvolopmnpt of a
traidinq or planning aid for commanders ang staffs in the
f;pld..'In the éont,xt of ALARM, the terminal prompts and
displays réprgsent calls to other modules rpquosting ‘or
providing information. '
| | The program is limited to the types of units used in
‘the demonstration scenario amd its design is such that the

database can be readily hroadéned for more ¢eneral

application. BEach application (iteration) simulates

D operation of the planning algorithm at a particular
Vil , ) ' .

%§ organizational level (i.e., that level's subordinate units
%S are the inputs for the problem).

éa This program extends previous applications of the
o - . g -

.%ﬁw GVS in several ways. It 1is more generalized than the
) ' ! ‘

%& specific-case programs previously done:; many-on-mpany
s

7
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engagements can be modelled, rather than one-on-one; and
Kilmer's value considerations are added to the course of
action decision rule. Where appropriate, the program uses
the ALARM convcntion.éf functionalizing vhysical parametefs
and computing updated valueé as needed. This is more
efficient than majintaining large and unwieldy data bases for
tgblc-lbok-ups. : ’

Mission profiles for the blue uncommitted uﬁits in
the program are as follows: |

- Pield artillery: 1/2-hour fire mission followed by 1/2-
hour displacement, to avoid counter-battery fire.

~ Attack helicopter: actual movement time to target, 1
hour on station, movement time to return to the Forward

Afea Refuel and Rearm Point (FARRP), and 1/2-hour FARRP .
tinme.

- Armor battalion: movement time to target, engagement to
end of planning period. ‘ .

Thus the artillery and helicopter units can be committed to
mu1t1p1§ courses of action.

The main progran containé most of the inte;active
input and output controls. Following input of the';ituatidn
(the original plan), subroutine' CHDEF is called. CHDEF
establishes the appropriate Mission Oriented Protective
Posture (MOPP) in chemical protective clothing and equipment
by trading off the chemical threat against the ability to
perform the mission. In so doing, subroutins POWER is
called, which éomputes the power .curves for both sides,

determines the difference between them, and determines the
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plan’'s tcasibilitj and designates the decision pcint if the °
plan is infeasible.

Returning control to the main program, if the plan
is infeasible, courses of action are generated to restore

feasibility. Each uncommitted blue unit is paired against

each red unit in turn, beginning in each time step from the

biginninglof the planning perioc: to the decision point. If
éed has previously employed chemical weapcns and blue has
subsequently been granted chemical employment authority,
each field artillery unit is cycled through the course of
action generation twice. On the first pass, conventional
fire missions are planned. On the second, éubroutine CHEMP
is called to plan the same missions as chemical strikes and
predict the effect‘on the target.

Viability of each coufse of action is checked
considering range, previous commitment, and sufficient time
before the decision point. For viable missions, subroutine
POWER is again called to determine whether adding the course
of action to the plan restores feasibility at the dacision
point. If so, the value of the course of action is
determired and the ratio of red power destroyed to blue
power used is computed with the modifications discussed in
the next section. The course of action with the highest
ratio is added to the plan.

If a unit or units have been gontaﬁinated by red

chemical attacks, 3ubroutine POWER calls subroutine CHDCON
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to determine the effect on that unit's power curve of

. vithdrawing to the decontamination site and that effect is

incorporated in the course of action determination.

This process is 1epeated until feasibility  is
restored throughout the plenning period or no uncommitted
nnits.are'availahle. In aeither case, resnlts are reported
and a prompt for a situation update is provided. The user
can then advance the scenario time and re~-run the program

with an updated situation or terminate the program.

B. CHEMICAL WEAPONS EMPLOYHENT
1. goncept
The CW module includes the employment of ghemical
weapons by blue field artillery as one option in the
development of courses of action to restore feasibility to
the plan. In practice, chemical terget planning begins with
identification and location of a potential target by the

' intelligence staff. Using weather information and known

(and imputed) target information such as size, protection,

equipment available, and activity, and the deslred effects

of the chemical attack, the number of rounds of the type of -

chemical agent requirad for the mission is obtained from
targeting tables. Proximity of friendly troops or towns is
included as a planning factor. A parallel process is
followed in the CW module. |

Target and weather information is received from the

intelligence module. Following preparation of feasible
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.courscs ot‘action by a finid artillery unit (by pairing the
unit. with each red target in_ each time step) using
conventional weapons, a chemical employment submodule
(subroutine CHEMP in.the application program) is called and
the process is repeated vifh the same artillery unit using
chenical weapons. Basaed on‘pqrccivgd targaet parameters from
" the intelligence module, the submodule determines. the number
of chemical rounds required and the predicted effects on the
target. . These effects are in terms of &asualties and
, opera:ionél degradation due to the encumbrance of protective
clothing and equipment and having to operate in a protecﬁed
configuration. These effects are applied as the attrition
coerficient in the SI? calculations for fﬁ? target unit.
~he results of these courses of action are then inciuded in
the overall selection of a course of action to restore
feasibility at the decision point.
2. yalue
Fletcher's decision criterion, red poéer destroyed
to blue power used (PD/PU),:would treat the conventional and
chemical fire missions the same. Sin;e the chemical attacks
generally have a greater effect on the target, these
missions would almost always be selected over conventional
ones by this criterion. This‘aéproach does not take into
account the different natures of the two types of missioné
accomplished by the same entity nor the relative scarceness

of chemical munitions and the requirement to employ a
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comparatively 1arge¥'numbor of them to reach a threshold of
effect. Thus the true relative values are not included in
the <course of action determination, nor are the
possibilities of preserving the chemical weapon alioﬁation
- for higher priority targets. Combining Kilmer's value
concept with Fletcher's decision rule offers an approach to
address this problem. Equitions 2.8~2.12 are designed to
‘comparo the valuc; of different entities performing
particular tasks. Chemical weapons are reflected as a
mission of a deliverylcntity. The approach taken héfe is to
add to these equations factofs expressing the relative’
values of the various missions of an entity. Kiimer's value
is thgilong-term usefulness value (UV) of an entity, scaled
by its scarceness: the ratio of its desired proportion of
power in the force to its current proportion of power

(DP/CP), as giveh by Equation 2.12:
V = (DP/CP) x UV. , (2.12)

Usefulness value is the utility curve for the

entity;
UV = BIP '(1‘ - exp{G x SIP/BIP})/(1l - exp(G}). S (2.9)

The value of the utility coefficient, G, used in the

application program is G = -3, reflecting a risk averse
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decision maker. This means that the decision maker prefers
a certain outcome over the chance of even greater gain,'a
cautious approach. The validity of G values is-subject to
further verification during the development of ALARM-

A factor is then added to the value cquatioh (Egn
2.11) to expfess the scarceness of a mission capability; In
-this application the ratio of the desired pro‘portior; of
‘chemical punitions (among all munitions) for a particular
entity to the actual proportién is used (DPchem/CPchem) -
This ratio is added to the entity séarceness factor . in the

-value equation for chemical missions:
V = (DP/CP + DPchepn/CPchem) X UV. = - (3.1)

Since both of these factors can take values greater than 1,

- raflecting relative scarcengss,'they are added rather than

multiplied to prevent a large value in either factor from

‘having a disproportionate effect. For non-chemical courses

of action, the complements of the proportions are used in

the ratio:
(1 = DPchem)/(1 = CPchem) -

For consistency of comparisaons in the computer application,
a mission capability scarceness factor of 1 was added for

non-field artillery units, reflecting a balance between
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mission-required resources and availability. In a full
implomentatioh of the model, any entity could add a similar
mission-specific value if needed. -

This expanded value expression is then incorpof#te&
in the decision rule as the ratio of red power destroyed to
blue power used times the value of that, power: PD/(PU x V).
Valus (V) increases as an ohtity becomég - scarcer.
Therefore, scarcerass reduces this ratio. Since the course
of action with the maximum PD/(PU x V) ratio is selected,
inclusion of the value factor can have the effect of saving
a scarce asset or mission capability for a higher priority
target or one with a greater payoff in terms of power
destroyed. Additionally, ~as chemical ropnds are used and
their proportion in the overall stockpile is reduced, the
‘'value of a chemical mission increases. This decreases the
likelihood of a chemical course of action being selected for
a given target in order to conserve the resource.

3. Program Development

For simplicity a 1limited chemical employment
capability is portrayed as skown in Table 3-1. Each of the
factors in Table 3-1 can be expanded by incorporating the
added paraﬁeters in data matrices and in the functional
. determinations. | |

One problem cﬁrrently experienced in modelling blue
chemical employment is that existing target planning manuals

are out of date. New versions are being prepared, but
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TABLE 3-1 ' .
CHEMICAL EMPLOYMENT CAPABTLITY IN ALARM CW MODULE

Delivery systen 203 mm howitzer, battalion fire
Chenmical agent Persistent nerve agent, Vi
Effects 30% casualties :

Average movement speed x 0.5

Target parameters Size-~choice of 2: Battalion,
Regiment

current, accurate planning factors are not available.  For
this project, figures wérq obtained from a dra:t-manual'and
arbitrarily adjusted to avoid security classification.
Partly as a result of this lack of data, weagher and
preclusion of civilian or friendly  casualties are not
included in the progranm. Waather effectq are one set of
factors included in targeting data. tables and function
' solutions being developed. Weather information is used with
information from the Cartesian space network §iving the
distances and directions fo towns and trien&ly troop
concentrations, ailowing the consideration éf precluding |

civilian and friendly casualties.

Tne chemical effects curves are essehtially flat for
about 16 hours after the attack, followed by gradual
recovery. Since this is about the length of a scenario run
by the program, only this constant effect is modelled. To
incorporate the vrecovery curve in a longer scenario is a

matter of adding an additional time~dependent factor to the
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c:focté function. The chenical employment effects are a
combination of lethal and non-lethal casualties, and heat
stress and operational degradation caused by protective
clothing and operating in a "buttoned-up” congiguratian.
Bffects are expressed as percent effectiveness and are
‘applicd as the attrition coefficient in the nituat;onal
Iinhcrnh; power (SIP) equations (Equations 2.5 and 2.6). The
targeting procedure is to enter the table with the desired
percent casuqltiis and tardot paranotor# to determine the
number of ‘roundl‘ to fire. Then the effects tables or
functions are entesred with the nunbcf of rounds, giving the
predicted percent effectiveness of which the target unit
will be capable. For the program, 30 percent casualties
implies 57.5% hf}cctivoncns. The attrition coefficient is
applied as an oxponpnﬁial function of time 4in the SIP

equations,
(exp(~ATT x (t = taetack))) .

‘and is therefore an hourly rate of power dacline. The field
artillery mission profile in the program uses a 0.5 hour
attack duration. Therefore the effectiveness percentage is

aprlied in the SIP equation as:

ATT = (~-1ln 0.575)/0.5. : (3.2)
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‘Thus, in a 1/2-hour field artillery chemical fire mission,
the target unit's power is reduced by a factor of 0.575.
The target's power remains at this level due to fhe flatness
of the chemical offccts.curvo,'lubjcct to continuing usage
of resources and subsequent attacks.

In ad@ition to the effectiveness factor, the target
unit's speed of movement is reduced by half, reflecting the
‘difficulty of operating in a fully pfotcctcd posture. This

' reduces the slope of the target entity's power increase
function as it approaches its mission location and delays
its arrival. Thus a chemical attack both delays and
destroys the farqot‘s power, tending to shift the overall
rad powver curve to the right and effectively restoring

feasibility at the decision point.

C. CHEMICAL DEFENSE
1. Concept
Chemical defanse is characterized by centralized
planning and decentralized execution. Execution factors,
which are functions of doctrine, equipment, orqanizgtion and
training, #ra represented in the execution model with

- gquidance from and faedback to the ALARM planning model. For

the CW planning module, the approach is to decompose
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chemical defensse into its three doctrinal aspects:

P e
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contamination avcidahcc, protection, and decbntamination.
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As described below, there 1is some interdependence and

interaction among these parts,
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2. gcontamination Avoidance *

Contamination avoidance is the most basic aspect of"
chenical dof@nsc. If a unit can avoid becoming contaminated
in the first place, then the casualties, the first aid and
medical treatment problems, the operational degradation due
to the encumbrance of protective clothing and equipment, and
the need to divert assets for dccentaninition are all
averted. cOntanination avoidance is acconpliihcd largely by
application of the Nuclear, Biological, and Chemical (NBC)
Warning andIRoportinq 8ystcg} NBC ;-connaissanc;, and aétivo
and passive nonitorimg'ulipg chemical agent detectors and |
alirns. NBC reconnaissance is currently receiving much

- } ' attontionvtor the further developnent og doctrine and force
' structure. Because of its uncertain shape, it is not -

included in this application. HRcﬁonnais;ancc planning can

be incorporated into the CW module when its objectives and

planning roqﬁircmnnts are more settled. The other two

aspects, the warning and rnpcrtinq sysfcn and monitoring,

are cdnductod as prescr.bed by doctrine and in fho'casc of

monitoring, at the lowest organizational levels. Therefore

they should bo.incdrﬁoratcd in the execution model and need
" not be reflected in the planning model. |

3. [Protection
Protection from chemical agents ié applied both

N KAy
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individually and collectively.  Collective protection
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depends on the availability of equipment and facilities with
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field cxpcdi«ﬁf approaches encouraged. Little, if any,
structured planning at battalion to .cotpa levels is done foi:
collective protection. Individual protection is achieved
through the application of Mission Oriented Protective
Posture (MOPP) as described in Appendix A. MOPP is intended
to be a flexible ljstcn of standardized protection levels
applied at the lowest feasible command level. However, it
is amenable to thes requirement of specific minimum
protection levels by higher level commanders based on a
better perception of the threat. MOPP seeks to trada off
the risk of casualties from a chemical attack with the
operational degradation and heat casualties caused by
cncapsulatiqn in protoctivo.clothing. 'This is the process
modelled by the CW module. An initial MOPP level is set for
each unit based on the chemical threat perceived by ‘the R
intelligence module. The resultant operational degradation
is applied by reducing each entity's state and speed of
" movement appropriately. Then the initial plah feasibility
check is iado. If the pian is infeasible, MdPP levels are
v feducéd and feasibility reqheckcd, iteratively, until
feasibility is achieved or a.prescribed min#ﬁum MOPP level
“ié reached. If the plan is still _1n£¢asiblo, then the
planninq process is initiated to restore feasibility._lunits
which are under chemical attack or are contaminatedi ara
placed in MOPP-4, the highesﬁ level, and remain so until

‘ éecontaminated (see Appendix A).‘ MOPP levels are reviewed
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periocdically ahd adjusted as required by a changihg threat
or unacceptable 1loss of operational capability.
4. Decontamination ht '

Should contamination avoidance fail and protection
succeed, personnel and equipment must be decontaminated.
Hasty decontamination by individuals #nd crews removes minor
‘contanination and reduces the hazard 'f.rom ‘more copious
contamination. Deliberate decontaminationll supported by
_chemical companies removes essentiaily all chemical agent or
at least reduces the danger to a level that allows the unit _
to. ba restored to its previous qfatc, .unaxllcumhcrcd by MOP?.

Chemical companies are in short supply relative to

FEIPs = FLEREARE = Joeemmer 2SS tera e ons o Vo

the possipility of many upits requiring their services in a

:2 , short period of ‘time. Deliberate decontamination is time
ﬂ' - consuming, requires a gréat deai of wataer, and can pose
o security problems because it concentrates the unit in a

static, difficult to defend posture. |

The planning task is to position the dncontémvination .
sui)port assets in the ‘most advantageous location and
allocate their off.ofts in a way tpi:t returns the most combat
power to action in the most timely way. ‘The use of future
state decision making in ALARM lends itself to this task.
The decontamination ‘sites are located by the Cartesian space
network solver. Decontamination support is scheduled by

incorporating the contaminated units into the course of

B R IR A T 2R e LRSS

action generation in tha planning algorithm, Thus the
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contribution to the force's total power of decontaminating a
particular unit at a particular time- is factored into the
selection of a plan. : | | .
_— 5. Program Development |
In the application program, subroutine CHDEF
performs the protection planning ‘funcf;ion' described above.
Another aspocf of CW where qﬁantified data are lacking is
performance degradation due to MOPP. Data to support a
unit's state ‘and lspeed' reduction because of MOPP were
derived from a preliminary effort in this af-a (Ref. 8].
This wa; done by averaging the percent effectiveness in MOPP
of several tasks measured in the study that are
representative of the types of tasks units in the program
scenario would be doing. Only one temperature range was
modelled (10°C). Again, this aspect and others such as
! variations of workload among types of units and missions can
easily be ixpanded by‘ incorporating additional data in a

matrixv or an appropriate function as data become available

from studies currently under way. The MOPP degradation
factors used in the program are listed in Table 3-2.

Red chemical weapon effects on blue units wefe
derived from data used in the Vector-in-Commander ' (VIC)
corps-level model. This model has’ bgen adopted by the

Army's Training and Doctrine Command for corps-level

e R A a2 A M W B A

analyses. Units under persistent agent attack or previously

contaminated are automatically placed in full MOPP level 4

PR R "o NP
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T TABLE 3-2 ;

OPERATIONAL DEGRADATION- FACTORS DUE TO MISSION
ORIENTED PROTECTIVE POSTURE  (MOPP)

MOPP level State Speed ] .
1 1 1
2 0.95 R '
3 0.75 075
4 0.5 0.5

protection and remain so until decontaminated. Thus they

are already at 50 percent off.ectivenesl. Additionally, 10

percent casualties are aséessed, immediately after the

chemical attack, with a continucus exponential loss from

delayed casualties. It is assumed that a total of 30

percent casualties will occur within 24 hours. The casualty oo

factor as a function of timd is thus |derived from: 0.9

exp(-C x 24) = 0.7, so C = 0.01047. This factor is included ‘

in a chemical effect factor multiplied by a contamirgted

unit's SIP to determine the effect of the chemical attack at |

the time the SIP is computed. This factor 1is a ‘
" recomputation of the unit's state function, incorporating

chemical attrition, MOPP degradation, and dividing out the

unit's original state value:

CHEM EFF = (SQRT(o.9exp(-C(t-t¢)) X £(STATE)})
x 0.5/f(STATE) (3.2)
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where:

tc 1is the time of the chemical attack, and
t(STATﬁ) is the state. function discussed in Chapter II
(the square root of the product of the
percentages of equipment and personnel on
hand).

"During the course of action generation, it is
assumed that a contaminatad unit cannot withdraw from its
position té move to the decontamination site until another
unit is committed against the red unit or units it opposes.
Thus contaminated units are moved to decontamination only in

. courses. of action wherein the uncommitted blue unit is

targeted against the contaminated unit's farget unit. The

move to the decontamination sits commences when the

luncommittéd blue unit engages the target.

Two data structures are used 'to - account for

- contaminated units. The unit identifiers are placed in a.

stack by subroutine CHDEF, and at the decontamination site
they are placed in a queue, so that one unit may not begin
decontamination until the unit ahead of it is finished.

When it 1is decontaminated, a unit's identifier is removed

from the stack.

_ As a unit moves tol the decontamination site, its
power ié discounted, since it is moving‘ away from the
icéation where its mission . is performed. During
de.;ontamination, aséumed to last 4 hours, its power

increases to a new ABIP based on the. distance from the
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decontamination site to the unit's mission>location and the
state resulting from the chemical casualties to that time,
but without MOPP degradation. At the end of
decontamination, the unit reverts to MOPP level 1 and is

considered an uncommitted unit available to be included in

_course of action determinations. The'power curve of a unit

undergoing decontamination is computed by subroutine CHDCON
and ﬁassed bﬁcg to subroutine POWER for inclusion in the
kPlue force total power curve. A factor expressing the value
of decontamination is  included in the course of action

decision rule. This factor is the ratio of the cont&minated

‘unit's SIP at the decision point following decontamination

to its siP at the decision point if it were not
decontaminated. Uncontaminated units have a decontamination
value of 1. The decontamination value is bounded by 0.5 and
1.5 to prevent it from having an overwhelming effect on the
decision ratio. |

The FORTRAN program at Appendix B imélements the
chemical module deécribed in this chapter. The program was
run with a combat scenario‘to deﬁonstrate its application.
The . scenario apd the'results of‘the-demonstration run are

described in the next chapter.
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IV. APPLICATION OF THE MODEL
A. BASIC SCENARIO
The chemical warfare module application program was run

using a division-level combat scenario. The scenario

consists of a basic situation and three updates advancing

the planning time and developing the situation.

The scenario concerns a blue armor division in the Fulda
'Gap region of West Gefmany. Thé'division's mission is fo
defend in sector, preventing attacking red forées froﬁ
crossing the initial division.rear boundary for 48 hours.
Ihis demoqstfation covers the first 24 hours of the mission.
The .division's thrée brigades afe committed in defensive
Sectors‘against attacking red first ech§lon motorized rifle

divisions (MRD). One red MRD is -attacking each blue

'brigade. 1In addition to the brigades, the blue division has

three uncommitted units: the general support field
artillery battalion,.an attack helicopter company, and an
armor battalion as the division reserve. |

The input parameters réquired by the program are listed
in Tablg 4-1. STATE is the value of thé state function,

£(STATE), the square rcot of the product of the percentages

of personnel and equipment on hand at the beginning of the

scenario. DIST is the initial distance of the unit from its

battle position. Desired proportion is the fraction of that
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TABLE 4-1
PROGRAM_DBMONSTRATION--BASIC.SITUATION
TIME = 0 HOURS

IDB%PE ' 'DESIRED CHEM OPP ATT. COEFF.
NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE
1 ARM BDE 4800 1 20 10 .55 3 2 .1 .05
2 ARM BOE 4800 1 20 10 .55 3 2 .1 .05
3 ARM BDE 4800 1 20 10 .55 3 3 a .05
4 FABN 1800 1 20 10 .2 3 NC* .1 .02
5 HELO CO 800 1 20 40 .15 3 N¢ .2 .1
6 ARM BN 1000 1 20 10 .1 3 e .1 .08
_ RED | .

1 MRD 14000 .8 20 10 - - 1 - -
2 MRD 14000 .8 20 10 = - 2 - -

3 MRD 14000 .8 20 10 - - 3 - -
# - Not committed initially

type of unit's power in the total force that the decision
maker would prefer to have available, CHEM THRT is keyed to
a list of qualitative chemical threat values from which the
user is asked to select.  These data are ' entered
interactively byvthe user at the terminal in response to
screen prompts. Information for each blue entity in turn is
entered, followed by each red entity and some general
information about the scenario. For brevity the entries for

only the first blue and red entities are shown in Figure
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4-1. The key for 'the Chemical Threat ("CHEM THRT") entry is
shown in FPigure 4-1. The initial situation always begins at
plinning'timc T = 0. : .

For blue field artillery units, the program also asks
for the information shcwn in FPigure 4-2 in order to compute
the mission capability value factors described in Chapter
III. | o .

The program first determines the appropriate Mission
Oriented Protective Posture (MOPP) levels and checks initial

plan feasibility (Figure 4=3).

As shown in Figure 4-3, the initial lituation’provés to
be feasible. This can be seen by examining the red and blue
total power curves in Figure 4-4. The bluel plan is feasible
if the difference between the power curves is greater than
the feasibility threshold throughout ‘the planning period.
The feasi‘kiility threshold for this demonstration is o. »

At this point the division plan is passed to the brigade

planners for preparation of thei- own feasible él-ans.

B. 'FIRST UPDATE
| The program next prompts for an update time or the

prvograin can be terminated (Figure 4-5).
At time T = 2 hours, the intelligence module detects a

second echelon red tank division entering the blue

division's area of interest at a distance of 120 kilometers.

At this point, blue has no‘specific indicators of the red
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To terminate program during data input, enter 999 in
response to any prompt for data,

At time T = 0

Enter the number of blue entities (units):
? .

6 : :
For each Blue entity, enter the information requested (units .
under chemical attack or contaminated should be entered '
last).

Blue entity (ID no.) S N
Unit Typo (enter no. 1-6)
- Armor Div
2 = Armor Bde
3 -~ FA Bn (203-mm SP)
4 - Atk Helo Co
S = Armor Bn
?
2 .
Mission (enter no. 1-2)
1 - Attack
2 - Defend
? -
2
) Basic inherent power (BIP) in STAPOWS
4800
.State, at T = 0
2 (SQRT (% personnel x % equipmant))
1 | _
s Distance from assigned battle position (km)
20 ‘
) Average speed of travel (when moving) (km/hr)
10 o
' Desired proportional power of this type
) unit in Blue force, for this mission
.55

Figure 4~-1 Program Data Inputs
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Chemical threat (enter no. 1-6)

1 - None
2 = Unlikely :
3 « Moderate
4 - High
S = Immediate
6 - Under chemical attack/
» in contaminated area
3 ‘ :
er of Red entities opposing this unit
2 (0 = Not committed)
1
Red entities opposing this unit (ID no.)
(Enter one at a time)
?
1 -
Attrition coefficient for BLUE unit 1
on RED unit ~  : 1 .
? .
.1 ‘
Attrition coefficient for RED unit 1
) on BIUE unit "1
.°5
Enter the number of Red entities (units):
?
3 .
For each Red entity, enter the information requested
Red entity (ID no.) 1:
Unit type (enter no. 1-4)
1 - Tk Div
2 - MR Div
3 - Tk Rgt
4 - MR Rqt
?
2 |
Mission (enter no. 1-2)
1 - Attack
2 = Defend
?
1 .
Basic inherent power (BIP) in STAPOWS
2 . '
1400

Figure 4-1 (CONTINUED)
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State, at T = 0
, (SQRT(% personnel x $ equipment))
? - .
.8

Distance from battle position -(xm)
?

. 20

Average speed of travel (when novinq)(kn/hr)
?
10
Has Red employed chemical weapons (Y/N)?

Yy
Does Blua have chenmical onploynont
authority (Y/N)?

Y
Enter mission duration (no. hours from T=0)

?
24
‘Piqure 4-1 (CONTINUED)
) Daily allocation of chemical artillery rounds
500 '
Daily allocarion of artillery round-
, (all typol)
10000
Desired daily allocation ot chomical
artillery rounds

1000

Figure 4.2 Additional Information, chuirad for
ricld Artillery

54

----------
-----




Recommended MOPP:

BLUE unit 1 , MOPP 1
. BLUE unit 2 , MOPP 1- -
BLUE unit 3 , MOPP 1
BLUE unit 4 , MOPP 1
BLUE unit S , MOPP 1
BLUE unit 6 , MOPP 1

Situation feasible atvthis time.

FPigure 4-3 Result of Basic Situation

POWER (STAPOWS)
20000

10430

I
‘o
o
‘4

¢

g
-

TIME (HOURS)

A

' ek

’

Figure 4-4 Power Curves, Basic Situation
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Enter time of update (hrs since T = 0)
(if nore, enter 999 to terminate program)

?
2 .

At time T = '2.00000000

Enter the number of bluc'ontities (units):

?
6

Pigure 4-5 First Update

tank division's planl of attack. Therefore, the red
division's power is applied uniformly across the blue
division's sector (i.e., one-third of the red division'i

pover is applied against ;ach blue briqadd).' This' is

. essentially the LaPlace principle of choice for a decision

under risk: oxfoctatipn of equally likely futures. [Ref.
9] ° The program again asks £§r input of the basic
1nfor;acion for all entities. This allows for chanqon in .
the force strgcgurcs.or'aliows the user to shift to another
organizational level as will be -ncnvin'thc third update.
The input paramotcri are now as shown in Table 4-2.

The program again determines the best MOPP level for

each unit and checks feasibility (Figure 4-6). The entry of

the red tank division makes the blue plan infeasible. The
new power curﬁes‘are shown in Pigur¢:4-7. The decision
point is at t.me T = '13.5 (when the power curves cross silce

the feasibility threshold is a difference of 0).
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TABLE 4-2

’-

. PROGRAM DEMONSTRATION--FIRST UPDATE

BLUE
ID TYPE

1 ARM BDE 4800
2 ARM BDE 4800

3 ARM BDE 4800

4 PA BN 1800

HEIO CO 800

A O

ARM BN 1000
RED

MRD 14000
MRD 14000

MRD 14000

1

2

3

4 TK DIV~ 5000
5 TK DIV~ 5000
6

TX DIV~ 5000

DR LELAL

RSP LPRFSE L L S SR R R RIS Whie A & o,

:

p §

.8

.8

.8
1l
1

1

o

20
10

.0
0
0

120

120

120

* - Not committed initially

TIME = 2 HOURS

_ DESIRED CHEM OPP
NO UNIT BIP STATE DIST SPEED PROP. THRT

10
10
1c

10
40
10

10
10
10
10
10
10
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Recommended MOPP:

BLUE unit 1 , MOPP 1
BLUE unit 2 , MOPP 1
BLUE unit 3 , MOPP 1 )
BLUE unit 4 , MOPP 1
BLUE unit 5 , MOPP 1
- BLUE unit 6 , MOPP 1

Situation infeasible. Preparing feasible plan.

Pigure 4-6 Result of First Update

ol 2 : { : 3 L g 1
‘ s 19 - 15 ‘ 20 ‘
TIME (HOURS)

R B BBl I e ot = e 2" v Gt e

Figure 4-7 Power Curves, First Update

The program now begins to search for a feasible plan.

C —— B N Al

It prombts for the attrition coefficients foir each

uncommitted blue unit versus each red u‘nit when it first
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pairs those particular units. The attrition matrix is thus
built -interactively but entries are required only for
pairings that are tested, and only the first time each pair

is tried. This scheme reduces the overall data input load

for the user. Upon restoration of feasibility, the plan is
diiplayod‘(riguro 4-8).

Peasibility restored by plan:

., TIME BLUE UNIT ON  RED UNIT CHEM OR CONV

12.0 4 4 CHEM

Figure 4-8. Feasible Plan--First Update

As shown in Pigure 4-8, feasibility is restored by blue

unit 4, the field artillery battalion, firing a chemical

mission against red unit 4, one c¢f the partial tank
divisions, at time T = 12. The restoration of feasibility

. is shown by the new power curves at PFigure 4-9. Given the

speeds and distances involved, the mission is to be fired at
maximum range, when the red division is still 20 kilometers

from engaging the blue division. The ALARM planning

algorithm nas thus determined that interdicting an

approaching force is the best course of action, a key
concept of Airland Battle. It can be observed that firing
this mission against any of the partial red tank divisions
gives the same results, since the same parameters are used.
When several feasible courses of action have the same value

the program reports the first one found.
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POWER (STAPOWS)
10000 20000 30000 40000 $0000

TIME (HOURS)

Pigure 4-9 Power Curves, First Update Plan
Restoring Feasibility

To review how this coursa of gction is selacted, the
decision rule is to choose the course of action with ﬁhe
greatest value of the ratio of red power destroyed to blue
power used times the value of blue powér, PD/(PU x V) (see
Chapter III). The-compugation of tnis qﬁantity is outlined
below, 'comparing it. to a possible alternative course of
action that was not selected.v The equations are derived
from the general equations descriped in cﬁaptars II and III,
applied here in the same ;pecific ways that the program

does.
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The power of red unit 4 at the decision point, T = 13.5,
if it were not attacked is derived from equation 2.5, since
it does not arrive at  its battle position until T = 14

. hours:

8IPR4(nc),13.5 = ABIPRq X exp(Dpg X (13.5-2)).

Equation 2.1 defines adjusted basic inherent power (ABIP)

ABIP = BIP x (K/DIST) x f£(STATE),

where:

-

K 1is the mission factor,

DIST 4is the original distance from the battle
. ‘ position, and

£(STATE) . is the state function, here the square root of
the product of the percentages of personnel and
equipment on hand.

Therefore:
ABIPRq4 = 5000 x 1/120 x 1 = 41.6667.

The computational form_of'Equation 2.3 for the power growth

" exponent, D:

D = (1n(DIST))/(ta - tp) ,
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Dpy = (1n(120))/(14 = 2) = 0.3990.

Therefore the power of the target unit at the decision point
if not attacked is:. '

SIPR4(nc),13.5 ™ 41.6667 x exp(0.3990 x 11.5) = 4096.

Following the chemical attack at T = 12.5, the power
cquation is derived from Equation 2.5 as:

SIPRg,12.5 = 2251 X exp((Dgpy - ATT)X(0.5)), .

where:
ATT Q (-1n(0.575))/0.5 = 1.1068. (3;2)
Therefore:
SIPR4'l2.5- -. 2251 x exp((0.3990 - 1.1068)x0.5)) = 1580,

and by T = 13.5:

SIPR4,13.5 = 1580 x exp(Dpgx(13.5 - 12.5)) = 1929.

Therefore the red power destroyed is:

PD = 4096 - 1929 = 2167.
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Blue uﬂit 4 is 1in its Dattle position consuming
resources since T = 2, 80 its power at T = 13.5, if it does

not fire this mission is derived from Equation 2.5 as:
8IPpg,13.5 = SIPpg,ta X exp(-Upgy X (13.5 =2)).
Since:

8IPpy,ta ™ BIPpg X Kpy X £{STATEgy)
= 1800 x 3 x1 = 5400,

and Upg is assumed to be 0.03:
sfpa;'i3,5 = 5400 x exp(-0.03 x 11.5) = 3824.
Before fifing thevmission at'f - 12: o _‘-
siPB4,12 = 5400 x exp(-0.03 x (12 -2)) = 4000.
Féllowing the mission at T = 12;5, blue unit 4's power is:
SIPp4,12.5 = 4000 X exp((-0.03 = 0.02)x(0.5)) = 3902.
‘At the decision point, T - “13.5:
SIPB;,13,5' - 3902 x exp(-0.03x(13.5 - 12.5)) = 3786.
The blue power used is:
PU = 824 - 3786 = 38.
The usefulness value, UV, of blue unit 4 is:
UV = BIP x (1 - exp(G x SIP/BIP))/(1 - exp(G)), (2.9)
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so with G = =3;

-UVpgy = 1800 x (1 - exp(-3 x .3786/1800"))/(1 - exp(=~3))
= 1891. ’

The value of blue unit 4 is:
'V = (DP/CP + DPchep/CPchem) X UV, . (3.1)

* where
CP = ABIPps/ABIP,;; = 270/2700 = 0.1.
Therefore: . .
. Vpg = (0.2/0.1 + (1000/10,000)/(500/10,000)) x 1891
= 7563,
In the program, vV is scaled by 1/10,000 to avoid precisiocn
problems, so the final value us:

The decision ratio for this course of action is:
PATIO = 2167/(38 x 0.7563) = 75,

For comparison, corrasponding figqures for an attack

helicopter mission beginning at T = 12 and ending at T = 13,
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since the mnission "profile for the helicopter company
includes 2ne hour on station, are:

PD = 743
PU = 229
Vps = 0.3682

and
RATIO = 743/(229 x 0.3682) = 8.8.

Therefore even though the value fcr the chemical artillery .

'strike is greater, the differences in red power destroyed

and blue power lost cause the chemical iission to be
preferrad. The program determines that this course of
action is in fact preferaﬁle "to all others, given the

parameters used.

C. SECOND UPDATE

The program again prompts for an update time. At time T
= 6 hours,(stili 8 hours from‘the arrival of the red tank
division at the forward edge of the bagtié area), the -
intelligence module reports indicatbfs showing that Ehe red
tank division will attack through the ist Brigade.sector‘to
create a penetration. Since the other two brigades are

facing their original opponents, their initial plans remain

 feasible. The division now focuses its planning on the 1st

Brigade. The input parameters for this iteration are listed

in Table 4-3.
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BLUE
ID TYPE 4 - DESIRED CHEM OPP ATT. COEFF.
.NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE
1 ARMBDE 4800 1- O. 100 .55 3 1 .1 .05

' ‘ ' 2 "l'i 005
2 FA BN 1800 ' 1 0o 10 .2 3 Nc* .1 .02

3HELOCO 800 1 20 40 .15 3 NC .2 .1

—— .

TABLE 4-3
PROGRAM DEMONSTRATION--SECOND UPDATE
TIME = 6 HOURS

4 3RMBN 1000 1 10 10 .1 .3 NC .1 .05
REb

1 MRD 14000 .8 o 10 - - 1 - -

2 TK DIV 15000 1. 80 .10 - - 1 - -

*.- Not committed initially

Again, MOPP levels and feasibility afe determined
(Figure 4-10). |

Recommended MOPP:

BLUE unit 1, MOPP 1
BLUE unit 2 , Mopp 1
BLUE unit 3 , MOPP 1
BLUE unit 4 , MOPP 1

Situation infeasible. Preparing feasible plan.

Figure 4-10 "Result of Second Update
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Inf;Alibility occurs at time T = 11.5 hours,” as seen in
the powver curves (Figure 4-11). This is zvhaurs earlier
than in the firat ﬁpdatc, bacause red power is more
concentrated and the imbalance is therefore greater.
Attrition coefficients are entared as requested, and the
plan restoring geasibility is reported out (Figure 4-12).

16000
T
l"‘.-

12000

a0

" POWER (STAPOWS)

. 4000 -

1 L 1 | L L ! 1 1 !
8 12 16 ' 20 24

TIME (HOURS)

Figure 4-11 Power Curves, Second Update

Feasibility restored by plan:

TIME BLUE UNIT ON RED UNIT CHEM OR CONV
10.0 ' 2 1 CHEM
12.0 2. 2 . CHEX

Enter time of update (hrs since T = 0)
(in none, enter 999 to terninate program)
2

10
Figure 4-12 Feasible Plan, Second Update

67

T




To restore feasibility in this more ;oriously unbalanced
situation, both red entities receive chemical fires, with
the approichinq tank division again being fired upon at
maximum range. Restored :ohqibility is shown in the power
curves in Pigure 4-13.
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i _ Pigqure 4-13 Power Curves, Second Update Plan
qi. . Restoring Feasibility
E::r |
- C. THIRD UPDATE

At time T -'10, with the red tank division now 4 hours
from contact, red fires a persistent chemical agent attack
against the 1st Briqadi, apparonely ;h preparation for the
arrival of ‘he approaching force. Shifting the pianninq to
the brigade level, the 1st Brigade has two armor battalions

committed, one armor battalicn au’a‘b;igado resarve, and its
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direct support field artillery battalion. In addition, the
division has allocated its three uncommitted units to the
1st Brigade for planning purposes. The intelligence module
indicates that in addition to the red MRD opposing the
brigade, the red tank division has two tank regiments 40
kilomaters away.with one regiment directed against each of
the briﬁadcfl committed battalions. The red tank diyision's
remaining units are a tank regiment and a motorized rifle

regiment (MRR), both 60 kilometers away, and both apparently

‘directed against the battalion that did not receive the

chemical attack. Red bas apparently fired tho ‘chemical
mission and will commit one regiment of th- tank division to

fix the flank, with the main attack through the second

‘battalion using the remaining three regiments. The input

data are listed at Table 4-4.
As before, MOPP and feasibility are determined (Figure
4‘14) .

The power curves show that int.aaibility occurs at

T = 10 hours, the time of the chemical'itriko on the blue
armor battalion (Figure 4-15) |

As the program finds a feasible plan, attrition coetfi-
cients are again entered when requested. In this step,
since a blue unit is contaminated, a dccontaminaﬁion
schedule must also be found. The feasible plan is reported

23 shown in Figure 4-16.
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TABLE 4-4
PROGRAM DEMONSTRATION, THIRD UPDATE
TIME = 10 HOURS

o Tyee DESIRED CHEM OPP ATT. COEFF. -
NO UNIT BIP STATE DIST SPEED PROP. THRT UNIT RED BLUE

1 ARM BN 1000 1 o 10 .4 4 2 .1 .08 '
‘ . 4 .1 .05
5 .1 .05
| 6 .1 .05
2 ARM BN 1000 1 s 10 .4 4 NC .1 .05
3 FABN 12800 1 0 10 .45 4 NC .1 .02
4 PABN 1800 1 O 10 .45 4 N¢ O .1 .02
5 HELO.CO 800 .1 20 40 .15 4 NC 2 .1
6 ARM BN 1000 1 10 10 .4 4 N¢ .1 .08
7ARM BN 1000 1 0 10 .4 6 1 - .1 .05
- 3 .1 .08

RED ‘ ‘
1 MRD- 7000 .8 o 10 - - 7 - -
2 MRD- 7000 .8 o 110 - - - 1 - -
3 TK RGT 3600 1 40 10 = - 2 - -
4 TK RGT 3600 1 40 10 - - 1 - -
5 TK RGT 3600 1 60 10 ' - -1 - -
6 MRR 3000 1 60 10 - - 1 - -
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Figure 4-15 Power Curves, Third Update
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Feasibility restored by plan:

TIME BLUE UNIT ON RED UNIT CHEM OR CONV
10.0 3 CONV
T= 10.0000000 , BLUE uni
begin move to decon site
10.0 4 CHEM
11.0 3 CHEM .
12.0 3 CHEM
15.0 2 CONV
12.0 4 CHENM ]

Figure 4-16 Feasible Plan, Third Update

Not surprisingly, since contaminated unit is

recommended to move to the deco tamination site immediately,

and a ‘iald artillery

the MOPP degradation and th continuing production of
casualties is stopped soones
battalion takes the oppocing r d force under conventional
fire. A weakness of ‘the program is that it allows a

contaminated maneuver unit to withdraw for dccontamination

upon commitment of any blue unit| to replace it, not necessa-
rily another ground-occupying unit such as armor or infan-
try. Obviously, the contaminated unit's position (or an

uncontaminated position nearby) must continue to be occupied

to prevent discontinuity in the force's front line. This

plan again interdicts approaching red units with chemical
| .

fires at maximum range. Aftar three chemical strikes,

however, the value of chemica missions increases until

commitment of the brigade reserve armor battalion to the

contaminated battalion's sector lat T = 15 hours becomes a

better option. This time is significant in that the same

.
:
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red tank regiment opposing this armor battalion would ﬁ;ve
arrived at the battle position at T = 14, but the chemical
strike at T = 12 ‘delayed its arrival, making this the
preferred option. The last course ot‘action required to
restore overall feasibiiity is again a chemical strike since
it is still a better value than the now-remaining courses of
action, inen the parameters used in thé selection. The
program is terminated at this éoint. -

The scenario demonstrates the use of the ‘cw module
application program in analvzing a situation and, using the

precepts of the GVS, obtaining a plan to restore feasibility

under conditions of chemicai warfare.
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V. CONCLUSIONS AND FUTURE DIRECTIONS

A. CONCLUSIONS
A chemical warfare module for the AirLand Advanced
Regearch Model 1is descriqu. Basic concépts Qf the cw
module are demonstrated in an application program running a
representai;ive combat scenario. The module .represents the
key chemical staff functions of planning chemical weapons
employment, determining MOPP guidance, and scheduling and
allocating dacontaminatién support. o _
‘ The module is centered on the ALARM planning algorithm
proposéd by Fletcher [Ref. 5], suqcessfully adding Kilmer's
vglue concept [Ref. 3] to the decision rule for course of
action selection. It incorporates the logical basis +to
integrate chemical warfare .conditions fully into the ALARM
planning model. . |
The applic.a'tion program gerieral;izes previous
implementatiohs of the Generalized Value System and the
pl‘anning algorithm. ' 1t plerforms planning at multiple
. organizatipnal ievels and for multiple engagements. Its
~interactive structure provides the basis for develophent of
a staff planning and training aid or decision support
, system. | |
In terms of further developmerﬂ: of ALARM, the program

can assist efforts to obtain data for an eventual
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deternmination of tﬁo dimensions of derived power of support
entities. This can be done by inferring the effects on
inharont power of supported units by decontamination units.
Tho‘program also supports further studies into the nature of
power synergism among entities by analyzing multiple

ongaQements-and comparing results in terms of power..

B. PUTURE DIRECTIONS

The iogicgl framework for a chemical warfére module for
ALARM is provided in this thesis as well as a -.computer
program implementing it. Further development of the module
to give it broader utility could !nclude:

- Addition of NBC reconnaissance rplanning and other
planning aspects of contamination avoidance when
‘doctrinal and organizational issues are more settled.
An effort might be made to use the CW module and the
application program, with suitable additions, as tools
to investigate reconnaissance issues. '

- Addition of other chemical delivery means such as.
missiles and air. This would add a deeper dimension to
the chemical employment model necessary for a 'full
portrayal of AirLand Battle. .

Full incorporation of the module in ALARM requires the
ref;ection of CW conditions throughout the planning model
and the preparation of appropriate interfaces with the

module, as follows:

- The Cartesian space network must record and track
contaminated units and terrain reported by the execution
model and movement planning must  account for
contamination. As part of NBC reconnaissance planning,
decisions must be made whether to cross contaminated
terrain and accept the MOPP degradation, decontamination
regiremencs, and possibility of casualties, or avoid
it. These decisions are made by comparing the effects
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of the alternatives on affected units' power functions
using future state dcciqion making.

=« The execution model must have a reasonably full,
accurate, and responsive depiction of chemical warfare.
The Vector-in-Commander (VIC) model has a good
developmental chemical module and is a candidate for an -
- execution model in that respect.

'In a wider context, ALARM developments that will enable ..
| improvements to the CW module, or that the CW module may
assist in deriving, include:

- The nature of power synergism among entities, »:
discussed in Section A of this chapter.

- The appropriate value or values for the utility
coefficient G in the Usefulness Value equation (Eqn
2.9)0 ' .

- The expression and dimensions of derived power as
discussed in Section A of this chapter.

Finally, further developmedt of the apmlication program
requires the following considerations: |

- Practical application of the program will require
expanding the number and types of units modelled, and
expanding and adding mission profiles along the lines
that field artillery and attack helicopters are
modelled.

- When updated <chemical employment procedures are
available, weather and collateral damage preclusion
factors can be added.

- As on-going MOPP degradation- studies produce more
complete data, this aspect of subroutines CHDEF and
CHDCON can be expanded to incorporate the new
intormation.

- An expanded program will require further verification
and validation.

- Development of the program as a training aid or decision
support system will require consistent, verified Basic
Inherent DPower (BIP) values for all entities in the
model.  Studies planned for the next year at the Naval
Postgraduate School will address this need for ALARM and
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such information ‘can be adopted for this program.

Program refinement and preparation of user instructions
would also be required.
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APPENDIX A
SUMMARY OF CHEMICAL WARFARE

A. CHEMICAL EMPLOYMENT

Chemical warfare (CW) is the direct use of chemical
compouﬂds to kill or injure people, plants, or animals, or
to damage or destroy pat‘rinl. It is generally practiced in
an anti-personnel role. The compounds used are called
chemical agents, and may be classified in several ways. Thae
most useful classification is by physiological effect. Most
chemical igénts fall into one of the categories listed in
Table A-l.

Chemical agents may be employed as liquids, aerosols, or
vapors, depending on their physical charactegistics‘and the
desired effects. They may also be classified as persistent,
,semi—pqrsistent, or non-bcrsistent, depending on how long
the agent remains on the target in hazardous concentrati;ns.
Persistent agents like the blister agents and persistent
nerve acents may last for days’dr weeks., Semi—perﬁistent
agents may last a few hours. Non~-persistent agents usually
dissipate within a few minutes to an hour.

Besides their physiological effects and persistency,
candidate chemical agents must have qualities that allow
them to be delivered to a target. They must be stable in

storage and under delivery conditions. For example, the
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TABLE A-1
TYPES OF CHEMTCAL AGENTS

TYPE EFFECT

Nerve Inhibits the enzyme cholinesterase, causing
general collapse of central nervous systen.
Usually lethal. Long uncertain racavcvy
period for survivors.

Blister Damages body tissue, causing various types of
lesions on skin, damage to lungs and eyes
from vapor. Usually not lethal, but long
recovery required.

Blood Prohibits absorption of oxygen by blood,
causing suffocation. Usually lethal.

Choking Damages lungs, causing fluid buildup, "dry
land drowning."” Usually lethal.

lIncapaci-

tating Various mechanisms, reducing ability to
perform normally. Not lethal.

heat and pressures experienced by an artillery round must
not| alter or destroy the agent. It must also be pfactical
to deliver the agent in adequate concentrations to hava the

desired effects on the target. One problem with chemical

agent delivery in general is that producing the required
conqentration on the target to reach 'a threshold of
efféctiveness requires a. relatively large number of
munitiqns delivered within a short period of time. It is
often difficult to dedicate sufficient fire support assets
to chemical missions. '

Once an effective concentration is reached, however, the

results can be much greater than those achievable by an
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equal number of conventional nunitions. = In addition to
producing casualties, employment of chenicals causes
personnel to don cumbersome protective clothin§ and to
operate in a protected posture. This hinders efficient
performance of most tasks,'reducinq speed and accuracy. Use

of persistent agents creates a need to spend timé and éivort

assets for eventual docontamingtion, turther' slowing the
.nemf's tempo of oparations. Additionally, casualties who
survive a chenical attack  can bhave more dttgct on the
opp&sing forcs's 'abi;itY' to operate than those who die.l
Individuals injured by chemical agents are not able to
perform thair duties and can create a huge drain on medical,
transportation, and supbly support, diverting them from
other tasks directly supporting combat.
Other delivery considerations include weather, terrain,
‘ vpgetatidn, and human construction. 'These factors can make
target effects ve:y'uncertain aﬁd add to'thg difficulty of
effective employment. S
| The U.S. has a no-first-use policy for chémical warfarae.
It maintains a stockpile of chemical Qeapons for deterrenée:
to have the ability to respond in kind to alchemical attack
and thus put an enemy under the same difficult conditions.
Should deterrence fail, U.S. policy is to retaliate in‘kind

in order to encourage the opponéent to.cease use of chemical

weapons as soon as possible.
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The Soviet Union uiﬁtainn the most extensive CW
caﬁability in the world. It regularly trains in the use of
chemical agents and is apparently engaged in a continuous
search for new agchts. The ‘U.s; ‘retaliatory stockpile is
aging and increasingly ineffective, and productic;n of new

munitions has been delayed.

B. CHEMICAL DEFENSE

Chenmical defense consists of three: agspects:
contanination avoidance, protecfion, and decontamination.
Adequate equipment, doctrine, and training ‘must be available
in all three areas in order to minimize the‘ effects of enemy
chemical employment.

CQntamination avoidance involves the ﬁiligent use of
chemical detection v_ and alarm equipment and chemical
reconnaissance in order to know when and where chemical
contamination is present and thus avoid contact with it.
This is the most basic and ob\;iously cheapest approach to
chemical defense. 1In practi‘ce, it is difficult to determine
the best organization and equipment leyels and how besf to
employ themn. '
| Protection is the use of individual or collect:fve
pr;otective equipment to prevent e:.pos;xre of the body to
chemical agents. 1Individual protection is achieved with a
protective mask and hood and chemical protective clothing.

Unfortunately, encapsulation of the body in this way causes

loss of peripheral vision and depth perception, loss of
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physical dexterity, @nd rctcntion and build up of body hc.t,
'In even moderate weather conditions heat stress can quicrly
cause casualties. A flexible system called Mission Orientad
Protective Posture (MOPP) is used to standardize protection
levels and allow a trade-~off between the cﬁonical threat ard
mission accomplishment. MOPP consists ot‘tivc levels of
protection ptoduccg by gr;duall} donning components 6: thae
' protective ensemble, thus reducang the amount of time
necessary to achieve coﬁple;c protection in a chemical
attﬁck, but allowing soldiers Fo perform their " duties
wvithout the heat striss of full cncapiulation. ' The MOPP
lavels are shown in Table A-2. |
Collective p;otdction ranges from chemical filﬁori an2
envircnmental control systim: in combat vehicles and
| chemical protective shelters to (field chpcdicnt shelters
using t;igcrs and blower systens in existing buildings.
Decontamination is- the removal or noﬁtralizac;on of

chemical agcnés' from personnel, cquipmont,} or terrain in

order to reduce of remove the hazard and permit operation

without the encumbrance of protictivc equipment. Hasty

PR AR NN ULY  TRRRARIAY - X LERS S, SCERRAARA L RaBPAbs St

decontamination is the use of individual decontamination

)
n; ) . )
s kits by the soldier on his own clothing, skin, and personal
N ,
ﬁ equipment; the use of crew contamination equipment on
~ ,
¥ limited areas of vehicles or crew served equipment; or quick
- washk-downs with water a2nd small amounts of decontaminants.
; Its purpose i3 to remove small amounts of contamination or
L

)

o .
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TABLE A-2
MISSION ORIENTED PROTECTIVE POSTURE

MOPP LEVEL OVERGARMENT BOOTS MASK,HOOD GIOVES
0 Carried - Carried Carried Carried
b Worn, open Carried Carried Carried
or closed
2 - Worn, open Worn Carried Carried
~ or closed
3 Worn, open worn Worn, hood Carried
or closed up or down -
4 Worn, closed Worn Worn, hood Worn
: . down

reduce the level of contamination in ofdot to decrease the

' hazard and permit relaxation of protactive posture. Hasty

decontamination is hsually a stopgap measure until more time

is available for more thorough decontamination. Deliberate

dqcontamination is essentially complete removal or

neutralization of cheujical agents supported by a chemical
decontamination unit. It is a relatively ‘time ‘consuming

process involving use of large ‘quantities of water and

decontaminants. It usually requires the contaminated unit

to move to an. established decontamination site.

Decontamination units are in short supply in the U.S.

Army, relative +o the possible reqﬁlrement for their

sarvices. Each division (less 1light infantry) has ore
crganic chemical company which also has screening smoke and

reconnaissance missions. Each corps has one chemical
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company on active duty and may be 'assignod Sno or inofo
reserve companies after mobilization. Light infantry
divisions are supported by chemical companiqs issigned to
the corpﬁ. In operation, the division may ailocat§ one

decontamination platoon to support each brigade.

84

TR T R L KT T N AT S T e e e e v e st T TP




:@'

i APPENDIX B :
APPLICATION - COMPUTER PROGRAM_

e Fe e e e s e v e A e T e 7 e v i o s e e A e S i e 2 T e e vie e e ke e e e sk e e e e e e e e e s e de e de ek e de e de e e e e e e A de

PURPOSE: Demorfstrate a basic Chemical Module for ALARM, by
E plying the Generalized Value System and Fletcher's
gnanning algorithm in an exam le"combat scenaric
corporatin the lanning chemical weapons
employment, the determination of appropriate MOPP
- guzdance and _the allocation and timing of

contamination support.
The ,program uses interactive data input to form the

basis for a planning/decision aid, as well as an
ALARM module.

1/0; Data input and results output are through the
‘termina order to develop the program as a

decision trainin lannin azd Adapting the
program {ogic togAEARH ge terminal intgrfaces .

. regresent calls between modules, For example, .
information about RED entities in ALARM would be
: obtained for the planning module by interface with.
the intelligence module.

e e e e T v e e i i i s o e e e T 7 e sl e e s sk 7 e T Fe e ¢ sk T F e e e e ok e Ao ek Ak de e ek Fede dede sk dede e e de e Ar e de e ve e dede
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* *%* YARIABLE DECLARATIONS, DIMENSIONS, INITIALIZATION *#**
****************xx*****x**n****k**n*******ﬁx*******************

WITEGER NX, XTYPE 0:10 ,XMISS(10),XTHRT(10), xrc§§g=1o 0:253
INTEGER XCOM(0:10),CFLAG(10),XTGIN(10),ITINP,ITID,CONFL(10,0:25)

- INTEGER CHEMFL(10, 6:25
. INTEGER NY,YTYPE(10),YMISS(10),YTGT(0:10,0:25),YTGIN(10)

INTEGER FEAS,PLAN, BLUE(ZO REDéZO) IT4 ITDEC ITIT ITT3 ITT4 ITT . ) .

INTEGER FLAG3(10,0:70), FLAG é g
INTEGER MOPP(10).NCON,CONTAM 105 DECON C(Z §, NQ sracx(lo)
- INTEGER FLAGA(10.10),PRNCT

IR RS SRR R R R R R R RREE RS S B

*
*
*
*
*
»
L
*
*
x
*
*
*
*
*
*x
x
*
*
*
*
*

REAL XK(10),XBIP(10 ,xsrArzgo 10; ,XDIST(0:10) xsyzzn(o 102
REAL XDP (10§, XABIP(0:10),¥D(0:10 XT:NG 0:10 4.2

REAL XATT(10/10),XTA(0:10) . XSIF(0:10 XSIPTAé ),xrp 10)
REAL XRNG IO},SABIP(IO),XTABIP,CP(IOS AL(0:10,0:50) ,XCA .
REAL XSTATI(10),DECDIS,XKSPEDI (10),4DSTAT(0:10).XDISTA (1 .
REAL XDABIP(0:10),%DDIST(0:10) . XDISTI(10), xc=1p(o 10,0:50)
REAL XTSI2(0:50), xrsrpr(o :50),XSIP1(0:10,0:50),%0D(10)

REAL XSIP1T(0:10,0:50),XTR(10),DECVAL,XCSIPI(0:10,0:50)

REAL MOVE (10)

REAL YK(10),YBIP(10),YSTATE(10),YDIST(10),YSPEED(L 3

REAL YABIP(IO),YD(IOS,YIPélO),YLOC (0: Lo 150),¥DC(10),YTAC(10)
REAL - YATT(10,10),vTa(i0),¥sIP(0:10.0: 50

REAL ¥SIP1(0:10,0:50) Ysp¢or§1og,yoxs (103 YDI(lO) YTAI(10)
REAL YSIPIT(0:10,0:50),YT3IP(0:50),YTSI

REAL TU,TP,TEND,TD,TSTEP, TDEC G,UV,RATIO,‘D’CV c:,rrz

RZAL POWRAT , END4 , CRDS , ARDS , DCRDS , CPC, DPC. CHRDS, TC(10), ¢

REAL TX, TDMOVE , DTIME (20), TDCON(10),TDC(10), TIME(20), ENGAGE(20)

CHARACTER*L1 YCHEM, XEMP,PERS(10)
CHARACTER*4 TYP-(ZO)

para TP/0./,TU/O./,TSTEP/0.5/,G/~3./,C/0.01047/,NQ/0/

**#*********************************************************************
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*k*x INPUT SITUATION *#*
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*
*

10

W

20

D T R

Do 30 I =

*kk BLUE ***
RdA AR R AR A KK

PRINT *,'To terminate program during data ingut, enter 999'
or

PRINT * ,'in response to any prompt data.
PRINT * P Yy promp

PRINT *, 'At time T = Q'

STA

o

sREEEIE

m ak
OO~

CHNF"*FHZN”U?H*

YTSIPT
CONTINUE

"PRINT * .

EEINT * 'Enter the number of blue entities (units):!

"NX
IF (NX .EQ. 999) GO TO 1000

PRINT *, 'For each Blue entity, enter the information requested.'
{ actack or contaminated should be!

PRINT * ' (units under chemica

. PRINT *,' entered last)’

DO 100 I = 1,NX
PRINT *

NT
PRINT *,' Blue entit (ID no. Yy
PRINT *,! ype (enter no. 1 6)!
PRINT *,! Armor Div !
PRINT *,! - Armor Bde !
PRINT *,! 3 - FA Bn (203-mm SP)!
gg%g% :,: g - Atk He o Co'
PRINT *,° 6 - Ch-m % (NBC Def)!

READ *, XTYPE(I)
IF (XTYPE(I) .EQ. 999) GO TO 1000

IF (xms(r) .EQ. 3) THEN'
XRNG 20,

ELSE IF XTYPE(I) \EQ. 4) THEN
KRNG (I .

SE
xm«xc(:) a s,

END I

PRINT * ' . Mission (enter no. 1-2)'
PRINT *1 1 - Attack!
ggggT**,' 2 ~ Deferd!

ISS(I
IF (xMiss(I) (E%. 999) GO TO 1000
IF (XMISS(I) .EQ. 1) THEN
XR(I) = 1.
ELSE .
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Xk(I) = 3,

END IF

RgigT *,' ) Basic inherent power (BIP) in STAPOWS'
IF (xBiP(I) .s& 999.) GO TO 1ooo

PRINT * ' State, at T =

PRINT *,! {sQRT(% personnel x % equipment))!’

READ XSTA &
IF (XSTATE(I) .EQ. 999.) GO TO 1000
XSTATI(I) = XSTATE(I)

PRINT *'QDI ST Distance. from assigned battle position (km) !
é T(I) .Eg 999 ) GO TO 1000 -
TA(I) = XDIST
'PRINT * és PEED(I) eraqe speed of travel {when movinq)(km/hr)'
xsézzn(:%s.zg 999 ) 60 To 1000
XSP DI(I) = PEED(I
IF gmrsr(:) .EQ. 01)
ime unit arrived at battle position '
gg{g? * (hrs since T = 0)'

IF (xri(:) .z& 999.) GO TO 10Q0
XTA(I) = (XDIST(I)/XSPEED(I)) + TP

sz
2x%¥§5¥§ (IEQ 4) XTR(I) = TP

IF (TP .GT 0.) THEN
RINT * Time unit entered scenario (area of'

DRI“* * interest)(explicitly or as part of parent'’
sglNT * ! unit) (hrs :gnce T= Y o) P P

IF (¥TP(I) éQ 999 GO TQ 1000

Distance of unit from battle position at!'
PRl. * ! that time.'
IF (xnisr:(x) éq 999. ) GO TO 1000

EL
XDISTI(I) = XDIST¢I)
END IF

IFX§§DISTI(I) 0.) THE

ELa (LOG(XDISTI(I)))/(XDISTI(I)/XSPEED(I))

. XD(I) = 0,

END IF

XDI(I) = XD(I)

PRINT *,! Desired groportionalfpower of this type !
géigT**,' unit in Blue force, for this mission

XDP(I)
IF (XDP(I) .EQ. 999.) GO TO 1000

I%WéXTYPE(I) EQ

PRI fy allocation of chemical artillery rounds’

READ * CRDS
caos .EQ. 999 ). GO TO 1000
PRI T *, Dail ¥ allocation of artillery rounds ‘'
PRINT *,! (ail types)'
READ * AR
IF (ARDS .EQ. 999.) GO TO 1000
PRINT Desired daily allocation of chemical '
PRINT * ¢ s artillery rounds’

‘R DCRDS
IF (DCRDS .EQ. 999.) GO TO 1000
CPC = CRDS/ARDS
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DPC = DCRDS/ARDS
END IF

§§§§¥':': Chemifal threat (enter no. 1-6)'
PRINT *,° 2 - Unlikel '

PRINT *,! 3 - Hoderate'

PRINT *,! 4 - High'

PRINT * ! § « Imzdiate!’

PRINT *,! 6 - Under chemical attack/'
PRINT *,' in contaminated area'

" READ *, XTHRT(I)
IF (XTHRT(I) .EQ. 999) GO TO 1000

IF (XTHRT(I) .E 8) THEN
& ( ) 2 %ersistent or non-persistent agent (p/N)?!

IF gERS 3 .E '999'% TO 1000
IF (PERS(I) .E ‘PY)
REAgT Time of chemical attack (hours since T=0)'
IF (rc(r) éq 999.) GO TO 1000
END I
ELSE
PERS(I) = 'X!
. END IF ,
PRINT :,: Number” of Red entities o?posing this unit'

RINT *, 0 = Not committed
AD *, XTGTN(I :

%% (XTGTN(I) Ss&. 999) GO TO 1000
IF (ﬁfcr%(r) .EQ. 0) THEN

XTA( = 999.
Lo )

XCO#éIl = 1
PRI} Red entities opposin this unit (ID no.)!'
PRINT *,! (Enter one at a fime)'
Do 110 J = ] XIGIN(I)
READ *, XTGT(I,J)
IF (XTGT(I,J) +EQ. 999) GO TO 1000
110 CONTINU
‘ END IF
Do 130 K-' 1,XTGTN(I)
PRINT *, Attrition coefficient for BLUE unit',
PP'NT *, RED unit' XTGT(I,K)
READ * ﬂnXT(.).)
F (XATT(XTG (I, K),I) .EQ. 999.) GO TO 1000
trition coefricient for RED unit' JXTGT(I ,K)
P * ! BLUE unit’
READ * 'YATT I, XTG (I, %
CONéIATT(I GT(I K)) .EQ. 999.) GO TO 1000
CP’MFL(I ) .= 0
130 CONTINUE
DO 140 J = 5
XTaNG(I J) = 9999,
140 CONTIN
100  CONTINUE '
PRINT *,! Distance from FLOT to decon site’ (km)'
PEAD * DECDI
IF ’DECDIS EQ 999.) GO TO 1000
% s e e K e e Fe e e e o T Fe Fe Fe K e
* kkk RED *%%*
¥ dede s e ke ok ok e R KR ek Rk A
PRINT *
PR;MT * 'Enter the number of Red entitias (units) 1
READ *, NY
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.

IF (NY .EQ. 999) GO TO 1000.
PRINT *,'For each Red entity, enter the information requested'
DO 200 -J = 1,NY

PRINT *

PRINT *,' Red entity (ID no.)',J,'s!

PRINT *,! Unit type (en er no. 1-4)!
PRINT *,! 1 - Tk Div!'
PRINT *,! 2 = MR Div!
PRINT *,! 3-Tk Rgt'
PRINT *,° 4 - MR Rgt’
READ *, YTYPE(J
IF (YTYPE(J) .EQ. 999) GO TO }000 :
PRINT *,° Mission (enter no. 1-2)' -
PRINT * 1 = Attack! )
PRINT *,' 2 = Defend'
MISS(J)

READ *
IF (¥Miss(J) .EQ. 999) GO TO 1000
IF (é!’{{(ISS(;T)l .EQ. 1) THEN

J)
ELSE
END IF
ggINT** ! Basic inherent power (BIP) in STAPOWS'
IF (YBIP(J) .5 999.) GO TO 1000
ERINT .1 'St‘“( 88T(% parsonnel x % equi 0)!
. ersonnel x e men
READ *, YSTATE(J) . P uip
IF (YSTATE(J) .EQ. 999.) GO TO 1000 -
PRINT *, ¢ Distance from battle position (km)'
READ *, YDIST(J .
IF (YDIST(J) .EQ. 999.) GO TO 1000
PRINT * Average speed of travel (when moving)(km/hr)'

READ * YSPEED(J)
éYSP ED J% Eg 999 ) GO TO 1000
YSP DI(J) = YSPEED(J) .
IF (YDIST(J) .EQ. 01)
ime unit arrived at battle position '
PEINT *'QTA( y (hrs since T = Q)!
IF (YTA(J) .EQ. 999.) GO TO 1000

YTA(J) = (YDIST(J)/YSPEED(J)) + TP .
YTAI& ; = YTASJ;

YTAC(J) = YIA
IF (TP .GT 0.) THEN
Time unit entered scenario (area of'
PRINT *,’ 1nterest)(expl;c1tly or as part of parent!’
ggggT**,‘ unit) (hrs since T = 0)' ,

T
IF (YTP(J) .EQ. 999.) GO TO 1000 .
, *, Distance from battle pcsztion at that ‘time!’
'READ *, YDISTI(J

)
IF (YDISTI(J) .EQ. 999.) GO TO 1000

ZLSE

YDISTI(J) = YDIST(J)’
END IF

IF (YDISTI(J) . 0.) TH
ELSE(J) = (LOG(YDISTI(J)))/(YDISTI(J)/YSPEED(J))
YD(J) = 0.

END IF
. ¥DI(J) = ¥D(J)
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!DC(J) - YD(J)
YIGIN 3 )=
Do. 23 I = 1 NX

204 x'rc'r(rl'%m?(I)J THEN
YSL'GTNSJ%T- YTG%'N( ) #1
YTGT(J,YIGIN(J)) = I
END IF
240 CONTINUE
. 230 CONTINUE
200  CONTINUE
L oo e e s Je e e v de Je e e e e e e Je e e ek
* ARk Ol STATUS **%
* Fedde e e e e deode e de de e e K Fe e e e e e dede e

PRINT * 'Has Red employed chemical weapons (Y/N)?'

IF (Y CéEM +EQ. '999') GO TO 1000

IF YCHZH .EQ. 'Y') THEN
%gg . :Does Blue have chemical employment'

PR authority (Y/N)?!
READ '(A)', XEMP

BLIF (xeMp’ .EQ. '999') GO TO 1000
Yo = w0

END IF

***********************
Ak% TIME SPAN *k%
e e e T vk e T sk i e ¢ Fe T e K e e ok e ve e Fe e -

ggigT *, 'gnfer mission duration (no. hours from T=0)'
IF (TEND .EQ.'999.) GO TO 1000

e e e e T e T Ao e ke T T e s e e e Fe e e e 2k v e e e k¢ e e e e 7k Fe s T e T e v e S T e e e T e T e e v e e T Fe e e e e T ke Ao T e e e T e e e Fe Fe

s e e Fe e e e e e e 7 e e T Je e e e e Je T e s e Fe s Fe i Fe sk e v sk s e ol T i s e e e e sl s sie e v s e ol v e T T v e e e Fe Kk K e e Y K Fe

* **% DETERMINE APPROPRIATE MOPP STATUS, INITIAL FEASIBILITY *#**
********x*****x*xxx*xx*kx*******k*************************x********

DO 250 I =1, X
B0 *ZFSI(J r-: x) 3) OR.(XTYPE(I) .EQ. 4)) THEN
ENG(I,J) = 'xgr )

mﬂ??FNG(I ,J) = HAX(XTA(I) YTA(XTGT(I 3))
251 CONTINUE
250  CONTINUE

DECON = 0
TDMOVE = 0.
XCATT = 0.

CALL CHDEF (XT4RT,MOPP,C,CONTAM,NCON,NX, XK, XBIP,XDIST, XSPEED,
4STATE , XTGTIN, XTGT, XATT, XCOM, XABIP,XSIP,XSIPTA, XTA, .
XTENG,NY, YK, YBIP,YDIST,f YSPEED,YSTATE, YIGIN, YTGT, YABIP,
YSIP,YATT,FEAS, TH, TP, TEND, TSTEP, TC, PERS, DECDIS TDEC,
TDMOVE , DECON, NQ STACR, TDCON, XSPEDI , XKSTATI, XD, YD, XTY2E,
XTP,YTP,TU,XDISTI,YDISTI,CFLAG, YTA, TDC, XCATT CONFL,
CHEMFL ,KTSIP,¥YTSIP,XTR,¥DC,YTAC, YSPEDI . XMOVE )

IF (FEAS .EQ. 1) THEN

gg%ﬁ; * ' Situation feasible at this time.'
PRINT *,' Enter time of update (hrs since T =
PRINT * ép {if none, enter 999 to terminate program)'

* % *

0L

READ *
IF (TP .EQ.-999) GO TO 1000
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PRINT *
PRINT *,' At time T = !,TP
. Go T0 16
ELSE

PRINT *
;EINNg * 1 situation infeasible. Preparing feasible plan.'
END IF

************************************************************************

FeFe e e vede e e Je 7 e e S e e s s s v e s v s 7 sk Fev v e e sk e e e e 2 T vk v v e e Fe de e e de e sy ek dedede sk A dede e

* *** PREPARE COURSES OF ACTION TO RESTORE FEASIBILITY ***
RAA AR ARKFKRRRRR KRR TR TRRIH KRR K KRR R KR TR KA K e Kok

-

* : : ARk INTTIALIZE #%%
* . sefede e K e e & e e 7k e 3¢ 3¢ e s e e
DO 260 N . 1, Nc
DO 261
rrr = Irrvér/rs
261 O,TXCSIPI(CO AM(N), n"r) = XSIP(CONTAM(N),ITT)
285 coNTINGE-
TDEC = TD

DO 301 I = 1, NX
DO 300 TX = TP,TEND+10.,TSTEP
- ITT = IFIX "X/TSTEP)
. FLAG321 LITT) = 0
FLAG4(I,ITT) = 0
300 CONTINUE
301  CONTINUZ

PLAN = 1

TDECN(PLAN) = TDEC

XTABIP = 0.

DO 310 I = 1,NX
2(I) =0
XTABIP = XTABIP + XABTP(I)
DO 312 T = TP,TEND,TSTEP
: ITT = IFIX T/TSLEP)

F (XTYPE(1) Q 4) THEN
XSIP1(I,ITT) = XSIPTA(I)

EL
= * - * (T
ENBE¥?1(I'ITT) XSIPTA(I) (EXP{ 0.03*(T-XTR(I))))

312 +  CONTINUE
DO 311 N = 1,NY

311 CONTINUE
310  CONTINUE

DO 330 J = 1,NY
DO 331 T = TP,TEND, rsrsp ,
ITT = IFIX(T/TSTEP
YSIP1(J,ITT) = YSIP(J,ITT)
331 CONTINUE
330 CONTINUE

320  POWRAT
FLAGC
DECON
TDMOVE = 0.
DO 400 I = 1,NX

SABIP(I) = 0.
‘ FededeeRR SRk ek dede e ek feded e e R ek desk

*%% CHECK VIABILITY *%**
Fededede e ek ek ok ook K Ao A e R A ek

IF (XCOM(I) .EQ. 0) THEN
DO 401 L = 1,NX

un
000

% A %
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. r . . .

Ir (XTYPE(L) .EQ. XTYPE(I)) SABIP(I) = SABIP(I)+XABIP(L)
401 CONTINUE
L) DO 410 J = 1l ,NY
DU 420 T = TP,TDEC,TSTEP
ITT = IFIX(T/TSTEP)
IF (T .LT. TDC(I)) GO TO 420

43 (4% ,ITT) = YDISTI(J) - YSPIED(J (T - YTP(J))

* % *

0C(J,1TT) .LT. 0.) n.ocwz ) s .
Ir ((XTYPE(I) .EQ. 3 I) .EQ. 4)) ‘
- ‘ ziv( (mc(:) .LQ: ()xpzsr(r) oc(J,111))) Go TO 420
IF E(1 ((FLAG3(Z,ITT) .EQ. 1) .OR. -
2 .. (Sf.aca(z I%'rﬂ% -EQ. 1))) S.:o S -
IF XTYPE(I)
- AXI) ( XS%ST(&) + YLO%%{ ITT;)/XSPEED(I)) + T
O NN
2 001‘0420 et eERen AT ’
IF I 3) (XTYPE(I) .E 5)) THEN
x‘r&(z) (()XDIS%(I)/XSPEED(I)) T) Q
IF (XTA(I) .GT. TDEC) GO TO 410
s *******************************
* *%% DESTIGNATE MISSION ***
* e e e vl 3¢ vl 7 e s v sk T e e Y Fe 7 A ok T e e e 7k e e e e ok e
§I) = X'I'GTN(I) +1 °
X’J.'GT( XTGTN(1
' §J&T= YrGTV(J) +1 ,
YT T( GTV(J g ‘ .
CONFL(I ; 1 '
CHEHFL(I XTGTN(I ) =0
IF ((XTYPE 3).0R.(XTYPE(I) .E 4 THEN
sxgt;-NG(I m(ot) ) x,m((r) (I) .EQ. 4))
XTENG(I,XTGTN(I)) = MAX(XTA(I),YTA(J)
- ( (1) ( ) (1)
XTP(L) = T
n-'g GA(I,J) .EQ. 0) THEN
INT *,' Enter attrltzon coefficient for BLUE unit ',I
PFI n RED unit ',J
&%ATT J I) .EQ 999) GO TO 1000
PRI Enter attrltzon goefficient for RED unit ',J-
n BLUE =it ',I -
RE..D * Y- T(I. )
IF (YATT I J) .EQ 999) GO TO 1000
FLAGA(I,J) =
END IF .
**************************************************
*%%* PLAN CHEMICAL STRIKE, IF APPROPRIATE *#*w*
***************xnx**x****x*******x****x******x****
g{(FLAGC .EQ. 1) .AND. (XEMP .EQ. 'Y')) THEN
TX =
CONFL(I XTG’I'N(IR = c
CHEMFL (I,XTGIN %
CALL CHEMF(JX,TX. SPFED YSPEDI,YDC,YTAC, YLOC, YTYPE,
2 TSTZP, CHRDS, IT%, XCATT,YDISTI)
' END IF .
»* e e v e e vk e v s T e e v T A v A e e e ¢ e Je e T e ve o e Fe e e e 3k F e o T Fe e e K
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*
L

450

4“4
*
*
*

* %%

* X N

wN

Ak hkk
*******EE§§§§£IE*2§£$§*§E§B£§2*2552¥*** .

DO 440 N = 1, NC
. DO 450 M = 1 & )&)
IF14¥TGT(I XT%FN% ),.EQ GT(CONTAM(N) ,M)) THEN

Dgﬁ?N = CONTAM(N)

END

CONTINUE

IF (XCOM(CONTAM(N)) .EQ. 0) THEN
T%HOVE(' T M) -EQ. ©)

D%ﬁ?N s CONTAM(N)

END
CONTINUE
****************************a****************ﬁ******

*hk CHECK FEASIBILITY, RETURN NEW TD, FEAS | ***
PO 1 L S22 32 IO S TR - Iy

CALL Powzﬁgnx ,XK,XBIP,XDIST,XSPETD, XSTATE , XTGTN IXTGT,
TT, XCOM,XABIP,XSTP,XSIPTA, XTA, XTENG,NY, YK,

YBIP YDIST, YSEEED,YSTATE, 7TGIN, YTGT YABIP,
YSIP YATT,FEAS,TD,TP,TEND,TSTEP,TC,C, PERS,
DECDEsS, TDEC, rnnové DECON, Ng STACK, roc§§
XSPEDI, XSTATI, XD, YD TP, YTP.,TU, XDISTI,
YDISTI,CFLAG,YTA,TDC, xcarr CONFL, CHEMFL, XTSIP,
YTSIP,KTR,YDC,YTAC, YSPEDI, KMOVE)

********************ﬁ************************************* ******

*** TF FEASIBILITY RESTORED AT TDEC, COMPUTE VALUE OF COR ***
******************x****x********************Rn***x******x********

© 1 (m o7, T0EC)
U = XBIP(I)*(1 -(Ex%prxirgggéff Itozc)/xsrp(r))))/(l -(EXP(6)))
cé(i) sasrp(x) WTABIP :
IF S&?TYPE% 3).ANMD. (FLAGE . E%
THEC) (P Q) /C (1)) +(D e e RN /10000

VAL(I, %%ggc>=(fxnp(z)/cp(1?)+((1 =BPC)/(1.-C2C)) ) *UV/10000.
:Nsuggr,zrnsc) = ((XDP(I)/CP(I))+1.) * UV/10000.

OLIOBLWN

IF (DECON .EQ. 0) THEN
DECVAL = '

ELSZ
Eq?ECVAL = XSIP(DECON,ITDEC)/XCSIPI(DECON,ITDEC)
iy

IF éDECVAL .GT. 1.53 DECVAL = 1.5
IF (DECVAL .LT. 0.5) DECVAL = 0.5
Federdede dede e e de e e e e e e ek e e e ek e A sk ke e

*** SELECT BEST COA ***
Fee ek dede e ek 7o R e kR e R e ek Tk ke

RATIO = ((¥SIP1(J ITDEC) - (¥SIP(J ITDEC)-1. 001})/
((XSIPliI ITDE Y- (XSIP(I ITDEC) 1.001))* (I,ITDEC)’X .

IF (RATIO .GT. PCWRAT) THEN
POWRAT = RATIO
BLUE(PLAN) = I
IF (FLAGC .EQ. 1) THEN

TYPE(PLAN) = 'CHEHM'

' CONV'!

SE
TYPE (PLAN)
END IF
RED(PLAN) = J
TIME(PLAN) = T
ENGAGE (PLAN) = X"ENG(I XTGTN(I))
DEC{PLAN) = DEC




470
430

461
460

480

420
410

400

* % %

:

DTIME(P = TDMOVE
XDABI m-:c PLAN)) = mz DEC PLAN)
XDSTAT(DEC(PLAN)) = xsm (DE
XDDIST(DEC(PLAN)) = XDIST(DEC( LAN)
xnninz (PLAN)) = xn DE LAN))

ITID = Inx(n )

XCSIP(DEC(FLAN), I’I“ID) = xs:r(ozc(rm:) z"m)
CONTINUE

TDECN(PLAN) = TD -

DO 430 TT = TP, TE
ITIT = IFIX(TT/T g
INggIPlT(I JITIT) = XSI (I,IT1T)

Do 460 JJ = 1N .
DO 461 TT = TP,TEND,TSTEP
ITIT = IFIX(TT

T YSIP1T(JJ,IT1T l YSIP(J3 ITlT)

CONTINUE

Do 480 TPOW = TP,TEND,T
ITEOW = I‘IX(TPOW TSTEP
XTSIPTiITPOW; = XTS&P&
YISIPT(TTPOW) = YTSIP

CONTINUE

END IF

END IF .

XTGTNng = XTGTV?I;-I

YTGIN(J) = YIGIN(J)-1

IF (DECON .NE. 0) THEN
XDIST(DECON) KDI:TA(DECON)
XD(DECON) = XDI(D %
gSTéﬁE(DgCON) = XSTA* (DECON)

TDMOVE = 0.
END IF
YSPEED(J) = YSPEDI 3
I
(J) = YDI(J)

CONTINUE
CONTINUE

I(F(XTYP"( E%o 3). AND (FLAGC .EQ. 0)) THEN

&JFDS .GE

%pow;
ITPOW)

GO TO 40 . . :
END IF _ -
ELSE IF ((XTYPE(I) .EQ. 3).AND.(FLAGC .EQ. 1)) THEN
FLAGC = 0
END IF
END IF
CONTINUE
IF (POWRAT .EQ. 0.) THEN
COM = NX
TIME PLAN; = 0.
BLUE(PLAN) = 0

RED(PLAN) = 0

ENGAGE (PLAN) =
TYPE(PLAN) = ‘'UN
GO _TO 900

K 1

END IF

Fe e e e e Fe e e e e e e s e de s e e Fe e e e sk v e e e vk e e e e e e e e e

*#% TF FEASIBLE, QUIPUT PLAN ***
e ke e e e e e e T e e e e K e T R T P Fe K e K e K KR e K K K e R e e Fe Rk
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490

500

** %

590

561
360

IF (TDECN(PLAN) .GE. TEND) THEN

DO 490 TPOW = TP, TEND,TSTEP
ITPOW = IFIX(TPOW/TSTEP
XTSIPgITPOW = XTSIPT{I POW;

YTSIP(ITPOW) = YTSIPT(1TPOW
CONTINUE .
PRINT *
PRINT *,! Feasibilitg restored'bz plan:!
PRINT *,! TIME LUE UNIT O RED UNIT CHEM OR CONV!

DO 500 'N = 1,PLAN .
PRINT 4x{s4.%Y;§(§z,13x,xz,13x,a4)*, <NGAGE(N) ,BLUE(N),

D(N),
IF iPEC(N) .NE. 0) N .
PRINT *, !T = " DTIME(N),', BLUE uni: ',DEC(N)
PRINT *, 'begin move to decon site!

END IF
CONTINUE
PRINT * Co
PRINT *,! Enter time of update (hrs since T = 0)'
PRINT**,' (if none, enter 999 to (erminate program)'

IF §$P' EE 999) GO 10 1000
BRINT *  *
BRINT *,' At time T = ',TP

GO 10 10
Fe e e o s e T T 7k sk e e F 7k v e 7k Fe Fe e T 7 vl Ao v v e v F e ke e e e A e v F e Fe v Fe vk e v vk e s v s e e v
*k* TF INFEASIBLE, SAVE BEST COA AND REPEAT %
*********************#*x*********x*******************
ELSE ) -

IF (XTYPE(BLUE(PLAN)) .EQ. S) THEN
XCOM(BLUE(PLAN)) = 1
XTR(BLUE(PLAN)) = ENGAGE (PLAN)

ND IF '

IF (DEC(PLAN) .NE. 0) THEN
PERS (DEC(PLAN)) = X!

XABIP(DEC(PLAN)) = XDABIP(DEC(PLAN)
XSTATE(DEC(PLAN)) = XDSTAT(DEC(PLAN))
XDIST(DEC(PLAN)) = XDDIST(DEC(BLAN)
XSPEED(DEC(PLAN)) = XSPEDI(DEC(PLAN))
XD(DEC(PLAN)) = XDD(DEC(PLAN)) -
xcon§n C{PLAN g = Q

MOPP(DEC({PLAN)) = 1

TDC(DEC(PLAN)) = TDCON(DEC(PLAN))
CFLAcsnEcspLang) =1

XMOVE(DEC(PLAN), = DTIME(PLAN)

DO 530 TTD = TP,TEND,TSTEP
ITTD = IFIX(1TD/TSTEP) , ' .
' XSIP(DEC(PLAN),ITTD) = XCSIP(DEC(PLAN),ITTD)
CONTINUE _
XTGIN(DEC(PLAN)) = 0

IF (NCON .GT. 1) TEEN
, DO 560 N = 1 NCON-1
IF (CONTAM(N) .EQ{ DEC(PLAN)) THEN
DO 561 M = N,NCON-1 '

CONTAM(M) = CONTAM(M+1)
< COUTINUE
END IF
CONIINUE

CON = NCON = 1

o = o + 1

sPacx(No) = DEC(PLAN)
ELSE

NCON = 0

END IF
END IF
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A s WPy S W

530

540

520

900

910

‘570

510

581

,IF Z(BLUE

17 &KTYPE EBLUE(PLAN) ) '5815113
1¥ (CRDS .LE 0.) CRDS =1,
CPC = CRDS/ARDS

END I
D0 530 T3 = TIME (PLA LAN) (TIME(PLAN)+0.5) , TSTEP
ITT3 = IFIX§T3/ ,

FLAGUé(PLA&)) - Z(BLU%(PLAN)) +1

END IF
IF XTYP!(BLUE(PLAN)) 4) THEN
IMP = IFIX(TIME PLAg;/TS
/ p XDIST(BLUE(PLAN)). + YLOC(RED

548PLAN) ITI i ’ENéBLUééPLAN))
ITT4 - IFIX T4 STEP

COMZ(BLUé(pmS)) = é(a:.u%(rm)) +1

con (BL (pm)n :GE. ( (TDECN(PLAN)~TP)/TSTER))’

cou = .
IF (XCOM(T)' £Q. 1) COM = COM + 1
mmué ( I

IF (COM .EQ. NX) THEN .

.DO 910 TPOW = TP,TEND,TSTEP
ITPOW = IFIX(TPOW/TSTEF%
XTSIPgITPOWg = XISIPTzI POH

© ' YTSIP(ITPOW) = YTSIPT(ITPOW
CONTINUE
PRINT * o ‘
PRINT * 'Feasible plan not ossible. chuest agsistance’
gg;gg from higher HQ.'
"PRINT *,' ' Best plan found §but still not feasible): !
géIggo* é TIHE BLUE UNIT ON RED UNIT CHEM OR CONV!
E

PLAN
PRINT '(4X F4.l 8% IZ 13%,12, 13% JAd)!, ENGAGE(N),BLUE(N),
RED(N) , TYPE(N)
IF (RDEC(N) .NE. 0) THE
PRINT *, 'T = ! DTIME(N),',6 BLUE unit ' DEC(N)
PRINT *, 'begin move to decon site !

END IF
CONTINUE

PRINT *
PRINT *,! Enter time of update (hrs since T = 0)!
EEINT * » (If none, enter 999 to terminate program)'
IF (TP . Eg 999) GO ro 1000
PRINT *,'At time T = ', TP
Go TO 10 .

END IF

. DO Si0 TT = TP,TEND, TSTEP

ITl = IFIXSTT/TST
XSIP1(BLUE(PLAN),IT1) = XSIPIT(BLUE(PLAN) ITI)

CONTINUE

DO 580 JJ = 1,NY
DO 581 TT = TP,TEND, TSTEP
ITl = IFIXéTT TSTEP%
CONTYSIPI(JJ IT1) = ¥YSIPLIT(JJ,ITL)
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?

CONTINUE
XTGTN snusépnan;) = xrcrnggnus(pnan)) +1
.nc'mgaso umg = YTGTN D(PLAN;) $1
XTGT (BLUE (PLAN ,x'rc'mgr. (PLAN))) = RED(PLAN)
YTGT RED&ELAN ,vrcruét D(PLAN))) = anug& LAN).
XTENG(BLUE (PLAN) , XTGIN (BLUE (PLAN))) = ENGAGE (PLAN)
T ONFL/bL08 (PLANY XTGTH (BLUE (PLAN))) .= O
nscému (Bwé(rmi,xrcn&(m. (PI.ANB) =1
CONFL(BLUEéPL%g& XTGTN BLU%éPLAN);; =1
Ené}¥§m1(aL (PLANY, XTGTN(BLUE (PLAN))) = 0
TDEC = TDECN(PLAN)
PLAN = PLAN + 1

GO TO 320
BEND IF

1000 sSTOP

*Q*************************************************************i******

%N XX

END

SUBROUTINE POWER(NX,XK,XBIP,6XDIST,XSPEED,XSTATE,XTGTIN,XTGT, XATT,

2 XCOM,XABIP,¥<IP,XSIPTA, XTA,XTENG,NY, YK, YBIP,6¥DIST,YSPEED,YSTATE,

3 YTGTN,YTGT,YABIP YSIP,YATT, FEAS,TD,TP,TEND,TSTEP,TC,C,PERS,

4 DECDIS,TDEC, TDMOVE,DECON,NQ, STACK, TDCON, XSPEDI , XSTATI . XD, YD,
XTYPE,XTP,YTP.TU,XDISTI,?DISTI, CFLAG, YTA, TDC, XCATT, CONFL , CHEMFL,,

6 XTSIP,YTSIP,XTR,YDC,YTAC, YSPEDL, XMOVE)

»

: *
THIS SUBROUTINE COMPUTES THE BLUE AND RED POWER .CURVES AND *
DETERMINES FEASIBILITY OR THE POINT CF INFEASIBILITY BY *
COMPARING THEIR DIFFERENCE TO THE THRESHOLD VALUE. :

*

e e e s e s A v A s vl s v v e sl s e s e s e sl e e 7 e e A vl sk e e e e e e sk e e e e A e e v S e S sk vl s e e ve e Ak e s e e e e e e v
e e 7 e v s s s e o e e e e e e e s e S e v v e v s s v e e e e e o

*%% VARIABLE DECLARATIONS #***

e Fe T e s e 7 e 7 v v e 7 Je 7t i S T S s ye 7 v Fe ye v e e s s de e e e :

INTEGER NX mm(lg%,x'rc%o.m,o:zﬂ xcouéo,m),ms(oao;
INTEGER CZLAG(10),N¥,VTG 1210& YTGT(0:10,0:25),CONFL(10,0:25)
INTEGER FEAS,DECON,NQ,STACR(10),ITT,CHEMFL(10,0:25) '

REAL ¥K(10) XBIP(10) ,XDIST(0:10),XSPEED(0:10) ,XSTATE(0:10
YT LI e

REAL ,10),%XABEP(0:10),XsS PéO:lO, :50) , XSIPTA(10)

REAL XTEN §o,10,o:25{ KMIN, ktSTP(0:50) . XSPEDL (10), xéo’ o;
REAL = XSTATI(10).XTP(16),XTA(G:10),XDISTI(10),XCATT,XTR(10
REAL XSIPO,XMOVE(10)

REAL . YK§103,YBIP(10 ,szsr(1oz,yspsso(1o ,Ysrars(lgg YABIP(10)
REAL s P§ :10,0:50 ,YArgélo, 0), YMIN, YT 1?(0:503 10)

REAL YSIPTA(10),vTA(iC),¥TP(10),¥DISTI(10),YDC(10),¥TAC(10)
REAL YSIPO,YSPEDI(10)

REAL TD,TP,TEND,DIFFéO:SO),CHATTSIO%,TCélO),C,TDHOVE
REAL TDCON(10),DECDIS,TDEC,ATT(10),TSTEP,TU,TDC(10)

CHARACTER*1 PERS(10)

e s Y s e e e v v v v sk e vl e vk s Je s T v vie e sl e 7 e T T Fe A e v T e e e e e A Fe S A v v 7 7 s e e e v e T F e F v e T T 7 e e v s vl e Ar e v e

*** COMPUTE ABIP'S, D'S iPOWER GROWTH EXPONENY), TIMES OF ARRIVAL *
AT BATTLE POSITION *»* *

e Fe A S T e e e e s v v 3k v k¢ e e A e A e e e i e Fe e 3 Fe T e T e A e e T Fe e v Fe i e T s s s sk sk A e e e e e e T s s e e 7 Y e e e v T A Fe e

DOS I =1,NX ‘
IF ((XDISTI(I) .GT. 0.).AND.(CFLAG(I) .EQ. %&3 THEN
IP(I) = XBIP(I) * XK(I) * XSTATE(I) / XDISTI(I)

END IF
KSIPTA(I) = X38IP(I) * XK(I) * XSTATE(I)
CONTINUE

DO 15 J = 1,NY
IF (YDISTI(J) .GT. 0.) THEN
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YABIR(3) = YBIP(J) * YR(J) * YSTATE(J) / YDISTI(J).

YSIPTA(J) = YBIP(J) * YR(I) * YSTATE(J)
15 CONTINUE , .
A e e e de v e v e e i i e e s sie e e e e e Fe e A e S e 2l sl e e e e s e s v e e v e e e Tk s v s e sk e e e vk e e

* Rk ik
PR LA DL L R LRI AR DL P

* kkk BLUE %Ak
x e e e v e K e e v e
DO 105 I = 1I,NX
CHATT(1) = 1.
mm = 9999
) mem"z { G‘rXT%NE&IG)(I J)) YMIN = XTENG(I,J)
L] L[] .
106 comnrué :
] **************************************************
* *** DETERMINE EFFECT OF DECON, IF NEEDED ***
» **************************************************
DO 115 T = TP, m\m TSTEP
ITT = IFIX(T

IF (PERS(I§ .EQ g ) CHATT(I)"SgRTéO§§;é§§g(;?; %iggs ;)))
ir SéDECON .EQ. I).AND.(T .EQ. TDMOVE)

CALL CHDCON(IX XSTATE, TDCON,DECDIS, XDIST
XSPEED,NQ, STACK, TDEC, TDMOVE, TEND, TSTEP c,
TC,XSTATI XSIP,XD,XABIP,
XBiP, XK, X$PEDI,TP,XTENG, XTGIN, DECON)

IF (DECON .NE. 0) GO TO 105 -
END IF

e e e vl e e sl e sl e e e ¢ e vie e e le T e e e e T e sk e T e e 7 S e e e I e e e 7 o e A v A ke

*** DETERMINE POWER AT EACH TIME STEP ***
HRARRFKARRRARRAIARIRIRIHARR IR RAR KRR AR KA

I. (T .LT. TDC(I)) GO TO 115%
IF XTGTN%} EQ 0) THEN

IF xg(;}%)Is%gr} 8 ngSTI( . gfg%im(z)*XSTATE(T&E
) (xn ﬁg

= XABIP I * * STI(I)~XDIST(I
: <§)3 ks ((ROISTI(D)-0I8T(1))

ELSE
XSIP(I,ITT) = XABIP(I) * CHATT(I)
END IF
GO TO 115§
END IF

S wWwN

** %

AT*(I;
¥ (xct;*ng(r) Q
[KTYEE

THEN
(g&.GT é%ENG(I L)).AND.(T .LE. (XTENC(I,L)+0. 5)))
AT?}I) = ATT(I) + YATT(I XTGT(I,L))
EL%F IF (XTYPE

F ((T .GT. XTENGé% L)
ATT(I) a ATT(I) + Ya

())

) D.(T.L \Lmncu ,L)+1.)))THEN
iT xr

E?"
IF (T .GT. XTENG(I,L
ATT(I) = ATT(I) + YATT(I XIGT(I,L))
END IF
END IF

ELSE '
IF (T .GT. XTENG(I,L)) THE
EN_DA’I"I'(I) a ATT(I) + YATT(I XIGT(I,L))
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END IF
125 CONTINUE

IF (T .E
s'::g‘.J‘%’P‘!:(xrﬂr\ 2 xsnm 1)* csmn(:)
ELSE nr (x'm s

THEN
IFX&&T T LITT) = g(ABo)IPrglg &D(%H{(())&ISTI(I)-XDIST(I))

(1)
nizszzp% s-rxhszi’(?éﬁ((n;&(xn(z)*((mzsn(:)-xnxsr(:))

2 XSIP(I /x}{'STPEED&s}%l\zxpgm(r)*(r-m(x))))*cm'r'r(r)
- ELSE IF ('r Q xng)) BN
nstSIIP( .) = XSI TA&I) TT(I )
xiszp(r xsxp(n\ )*(zxg(-o os*(r-%’:&(:))))*czm'r(z)
- - R(Ta
xszp(r,n'r) *&sg%'r?{)r)*(zn(( 0.03-ATT(1))*(T-TMIN)))
n;m ir
rxg(;r z. (I:&azp 2 .LT. ¥TP(I))) THEN

cmrr(x)
zz.ss nr ('r
e r'rg 'x’%‘af I)*(Exr(:m(:)*(r-m(r))))*cxmr(:)

u.sz 1F ('r Q
XSIP(I,ITT) = XSI TA(I)*
ELSE IF (gl—r .GT gr }é YMIN)) THEN
sxsn’( TT) = XSIPTA(T)*(E (-o 03*<r-xn(z))))*c1m'r(r)
» * ). - »* -
XSIP(I,ITT) *xsrlg;r?z()x) (EXP((~0.03~ATT(I))*(T-YMIN)))

END IF
END I7

nr co .EQ. O
R T
= * *
x IP(I((:TT.)G IP(RI I'r'rm)b(thP(an(:‘2"*'1'5'1%?121_2E CHATT(I)
X 'r'r)-xsrpn(r)*(sxp(-o 03*(T- m(z))))*mr‘r(r)
XSIP(I,ITT) = xsngtz,rr'r 1)*(EXP((-0.03-ATT(I))*TSTEP
nggmﬂ (XTYPE(I) 4) THE
sz SIP(I, n'r)axszp(r ITT-1 )*(zn(-.m(x)*'rsrzp))*cmn'(r‘
F ’&P(mrm)”-) r»:xp(.m(r)* (xnrsr:(r)-xn ST(I)
2 * /xsp E S ) J#CHATT S *
ELSE IF (T .LE. (P
XSIP(I,ITT) aé&t (I mr l)*(EXP(XD(I)*‘ISTEP))
lI"I'S;(sm(r ITT) = xsrp(rr ,ITT-1)*(EXP((-0.03-ATT(I))*TSTEP

END IF

[ 3]

F (T .LE. XTR(I)) THE
XSIP (I I'I'T) = XSIP(I ITT=1)*(EXP(XD(I)*TSTEP) )*CHATT(I)

SE
XSIP(I,ITT) ;Hg(_?IP()I ,ITT=1)*{EXP((-0.03-ATT(I))*TSTEP))
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115

105

]
]
*

1,7
156

167

2 NG(I

166

CONTINUE

CONTINUE

A ek dedede
Akk RED **k
Fedee ek R e

DO 155 J = 1,NY
XMIN = 9999,
Do 156 I‘ =1, YTG‘I‘N J

x = T inani(re
IF gXTGT&YTGTng I E!§‘J)G .E%T(')I) 2))
XHIN = XTENG(YTGT J,1).K
END IF
CONTINUE
CONTINUE

DO 165 T = TP,TEND,TSTEP
17T = IFIX(T/TSTEP)

A‘I‘I‘{Jg =
Do 16 I 1,NX
Ir {T_’.LT. X!‘lOV!éI ) '§'HEN
IF X'I‘G‘I‘(I,KI) . J) THE
)E.E . 0) THEN A
I&' ((T .GT. XQI'ENG? K)) .AND. (T .LE.
. ATT(J) = ATT(J&IE' XATT § \.ONFzQHEPP-XCATT*C}EHFL(I K) )

"'%
ngg(g = 25?5 1(%)/2.
5) = YDC(J

END
ELSE IF (X‘I‘YPE I) . %
NG( K) AND (T .LE.

LRI
ATT(J) = ATT(_J) )*CONFL(I K)+XCAT’I‘*CHEHFL(I K)

ELSE IF (T .GT. XTENGSI ,R)) THE
A'l_'.'T(JgN; IAI'_{.‘T( ) + XATT(J,I)*CONFL(I, K)+XCATT*CHEHFL(I K)

ELSE g .GT, XTENGEI K;) THEN
ATT(J) = A‘I’Té% ;FXA (3. I)*CONFL I,K)+XCATT*CHEMFL(I,K)

"END IF
CONTINUE :
END IF

CONTINUE

ﬂ? & LT, YTA 0)).AND., (T .LE. XMIN)) TH
(3, I7T), s ABIP(\J) (I-:XP(YD(J) * (T - YIP(J))))

b0 & vABTR (1) % (Exe YD§ §D§§§§§§%T§§§l)%-xnru)))

YSIP(J,ITT) = YSI o*(
ELSE IF (Ss .EQ. YTA(J (T .LE.
YSIP(J,ITT) = YSIP A(J)
ELSE IF (T .EQ. YTA(J
Y61P0 = YABIP (3) xp(yn *(KMIN-YTP(J))))
FEN, g(grrl ;s¥g%po*§zxp J)=ATT(J)) * (T~XMIN)))
BLSE 17 ((f .GT .LE. XMIN))
EL;EIP(J JITT) = vorp A(J) * ( xr(- * (T - YTA(J))))

¥STPQ = YSIPTA(J% éEXP( 03* KMIN-YTA(J))))
¥SIP(J,17T) = ysSip *(EXP(( 3-ATT(J))*(T-XMIN)))
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END IF
S

(r .LE YTA( .
ELSE e (T Cr. ’5‘*’“ ITT-1)*(EXP((TD{3)-ATT(J) )*TSTEP))

iﬂﬂ;ﬁEP(J ITT) = YSI¥(% ITT-1)*(EXP((~-0.03- ATT(J))*TSTEP))

END IF

165 CONTINUE
155 CONTINUE
RAdehdeR stk dedeh e dedes iRk kel ok

* *h* COMPUTE TOTAL POWER CURVES **%
ReAARARARARI A KA AR IH KR AT KRR RAT I KR KA

DO 205 T = TP, TEND, K TSTEP
ITT = IFIX(T/TSTEP)
XTSIP(ITT) = 0.
YISIP 1TT = 0. ' -
Do 21 , '
XTSIP(ITT) = XTSIP(IT‘I’) + XSIP(I,ITT)
215 NTINUE

Do 225 J = 1,NY
YTSIP(ITT) 2 YTSIP(ITT) + YSIP(J,ITT)
225 NTINUE
DIFF(ITT) = XTSIP(ITT) - YISIP(ITT)

205 CONTINUE

Jedee e e e fe e e e de e e e de e de e e Ao e e A ek .
* *** DETERMINE FEASIBILITY ***
ARRARARRRRRAIKRIIRARERRIRIK KK AR AR

Do = TP, TEND, TSTEP
T = :srxérgrsrzp) .

IF QPIFF(I .LE. TU) THEN
2 T
GO TO 1000
SE
FEAS = 1
TD = TEND
END IF
250  CONTINUE
1000 RETURN

END
SUBROUTINE CHDEF(XTHRT MOPP,C, CONTAM NCON,NX, XK, XBIP, XDIST, XSPEED,
XSTATE, XTGTIN, XTGT, XATT , XCOM, XABIP, XSIP,XSIPTA,

XTA, XTENG,NY, YK, YBIP, YDIST YSPEED, YSTATE, YTGIN,
YTGT,YABIP,YSIP,YATT,FEAS, D, TP, TEND, TSTEP, TC,
PERS.DECDIS,TDEC, TDMOVE , DECON,NQ, STACK, TDCON,
XSPEDI,XSTATI, XD, YD, KTYPE, XT?,Y f,TU, ADISTI,
YDISTI,CFLAG,YTA,TDC, XCAIT, CONFL, CHEMFL, XTsip,
YTSIP,XTR,YDC,YTAC,YSPEDI , XMOVE)

*********************************************************************

OO ULB W

THIS SUBROUTINE USES THE PERCEIVED CHEMICAL THREAT TO
DETERMINE THE APPROPIATE MOPP LEVEL AND THE COMMENSURATE
OPERATIONAL DEGRADATION, CCONSIDERING EFFECT ON THE MISSION,
BY COMPARING THE RESULTING POWER CURVES; AND IDENTIFIES
CONTAMINATED UNITS OR UNITS UNDER CHEMICAL ATTACK

e e 5 e she e e 7 e ¢ e e T T e 7 e e e K Fe Fe e Fe e T e e e K e e s e A Ak e A A e T s e e e e v e e e Fe e e e s ke e e de e de e e de ve e e e

***********************************

* #%% VARIABLE DECLARATIONS ***
Fee e e e R e xR TR KRR AR R e R ek

b 3R b b b b b
L 2 20 O b 3 2

INTEGER XTHRT(10), MOPP(IO) CONTAM(IO),NCON,NX,XTGTNé
INTEGER XIGT(0:10,0:25),XCOM(0:10),CFLAG{10),XTYPE(0:10)
INTEGER NY YTGTV(IO) YTGT(0:10,0: 125 ,CONFL(10,0:25)
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INTEGER FEAS,DECON NQ STACK(10) ,CHEMFL(10,0:25)

REAL xx%T l XBIP(10),XDIST 0:10% xsrsznéo 110), XSTATE(O:IO)
é 0, 10) 1p(0:1 % P(0:10
+10, 6.25 SPED

X 0
REAL  YISIF (S}gé? SOUTATT R 085 L3RR TR {10) ¥PISEL(10)

REAL ru YTA(IO) rné 35

CHARACTER*1 PERS(10)
Reddedehek ok Rdeddoddorid ek Rkl dedok ok ook o dok ek

* *A* SET MOPP INDICATED BY THREAT ***
e e )

. NCON = 0

DO 100 I = | :

IF"(%?I) .EQ. 6) THEN
IF ( S(%} EQ. 'P') THEN

CONTAH(NCON) - 1
END IF :
ELSE IF (XTHRT(I) .EQ. §) THEN
MOPP(I) = 3
ELSE IF (XTHRT(I) .EQ. 4) THEN
MOPP(I) = 2
ELSE IF (XTHRT(I) .EQ. 3) THEN
TTMoPP(Z) = 1 - .

SE
MOFP(I) = O
END IF

100  CONTINUE
Fedede dede dede de e e e e e e e e e de e e e de e s e Je ke Fede e de e e ek de e e ek e e e de

* *%* DEGRADE PERFORMANCE DUE TO MOPP ***
B R e B

10 DO 200 I =

IF (HOPP(I)
§g§é§§$ by XSPEDIé

ELSE IF (MOPP(I)
XSTATE = XSTA%%
ASP 21; = XSPEDIZ

LSt IF Ok (D) 5
XSPEEDXI; = XSPEDIE

XSTATEéI; = XSTATI
XSPEED(I) = XSPEDI

200 CONTINUE
Fedesedeeere s de e ded e gt e ded et e e de de e e et Je ook e e e de e e e e de dek e e de de ek de dee e dede e de S, e e

* *** CHECK FEASIBILITY. IF INFEASIBLE, ADJUST MOPP *#*
Fededdededed e dek R R KRR R R R KRR AR e AR e Fe e e Fe R R 7 e kKK e T ek e e de e e
TDMOVE = 0.
DECON = 0

CALL POWER NX XK, XBIP,XDIST,XSPEED, XSTATE, XTGTN XIGT, XATT XcoM,

BIP,XSIP,ASIPTA,XTA, XTENG,NY, YK, YBIP, YDIST, YSPEED,

TC,C,PERS, DECDIS TDEC, TOMOVE , DECON, NQ, STACK, TDCON,
XSPEDI, XS TI,XD,¥D,XTYPE,XTP, YTP, TV, KDISTI,¥YDISTI,
CFLAG,YTA,TDC. XCATT, CONFL, CHEMFL, XTS1P, YTSIP XIR,
YDC, YTAC, {SPEDI XMOVE)

~NAnHWN

102

XTENG(0 {10 rar:(igo)xn et Rove(10)
REAL XTP(10), XTA(Oxl 5 XDISTI(1 s XCATT, XTSIP( :50), XTR(IO)

REAL YS%P 3 YBIP(IO; YDIST(IOZ YSPEED(10) ,YSTATE(1Q),YABIP(10)

C,TDMOVE, TDCON(10) ,DECDIS, TDEC, TSTEP

YSTATE, YIGIN, YTGT, YABIP, YSIP,YATT,FEAS,TD,TP,TEND, TSTEP,

s

fa AT A %" ) MR e N WA o " 5% ® ™




Ir (rzAs .EQ. 0) THEN
ICT = 0
DO 250 1 = 1,NX
IF (MOPP(IV .LE. zg = ICT +
2¢0 XTHR (i ) .EQ. 6) :cr = ICT + 1
zr (zcr .zQ Nx) GO TO 900

I!' (IgO(PIP)(I-) HOGPT (12)) .AND. (XTHRT(I) .NE. 6)) THEN

300 CONTINU!

*__Go To 10
END IF
RAK AN SRRk dedede AR AR A dedede e d kg dede kR AR
Ak  kk QUTPUT MOPP REZOMMENDATIONS ***
ARARRRANRRARARRARF IR KRRRAARIRARRRAXFAARAR R

900 PRINT * '
PRINT *,' Recommended MOPP: '

1,NX
PRINT *,'SLUE unit',I ,',',' MOPP', MOPP(I)
400 CONTINUE
RETURN
ZQUBROUTINE CHEHP(J T,YSPEED, YSPEDI, YOG, YTAC, YLOC, YTYPE, TSTEP,

CHRDS, ITT,XCATT, YDLSTT)
‘*********************************ﬂ*************************************t

*
THIS SUBROUTINE PLANS BLUE CHEMICAL STRIKES. FOR POTENTIAL *
TARGETS, DETSRMINES NO. ROUNDS REQUIRED EFFECTS (ATTRITION *
COEFFICIENT). *

=

***********************************************************************

© dedesedesede e e A e v Fe e e A e e e A e T e e o e e S e e e e b
* #x% YARTASLE DECLARATIONS #k
***********************************
INTEGER YTYPE(10),ITT
REAL YSPEED(10) YSPEDIélO% ync(1o% YTAC(ng
REAL YLOC(0:10,0:50), TSTEP, CHRDS, EFF1,T,XCATT, YDISTI(10)
DATA. EFF1/0.575/
**************ﬁ*******************************
* A*% DETERMINE NO. OF ROUNDS REQUIRED i
e e v e e v e s A e ¢ e Je v v vie 7 Fe e vk e e v T e e sk Fe T e Fe e e Ae Fe e K ek v v de A ek Ao

IFé&%’I;YP'E(l%)‘L.EQ. Il).OR.(YTYPE(J) .EQ.. 2)) THEN

*% % N4

ELSE
CHRDS = 108.
~ END IF.
e e 7o e vl vie sk s Y e Fe e vl v v 3k Fe Ao Fe e v e e 7 A v e ye e A A
* Ax* DETERMINE EFFECTS ***

Fe e vl e e e vk vl e e e e e v e e e T ¢ e e T 7 e e e A sk K e A

XCATT = -(LOG(EFF1))/0.5
YSPE‘D(J) = YSPEDI(J)/Z.

IF ( Y% THEN
= (YLOC(J, ;YSPEED(J)%
| Em;mc( ) a (LOG(YD‘STI(J y)/(YDIST (J)/YSPEED(J))

RETURN

END '
SUBROUTINE CHDCON(I,XSTATE,TDCON,DECDIS,XDIST,
2 XSPEED NQ,aTALK TDEC, TDMOVE , TEND, TSTEP,C,
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- - . - o

3 XSTATI,XSIP,XD,XABIP,
t iP XK, XS$PEDI,TP,XTENG, XTGTN , DECON)

**********************************************************************
£

THIS SUBROUTINE COMPUTES POWER CURVES FOR SELECTED CONTAMINATED*
BLUE UNITS THROUGH MOVEMENT TO DECON SITE, DECONTAMINATION, AND*
RESETS PARAMETERS ACCORDINGLY, RESTORING UNIT TO PRE- *
CONTAMINATED STATE AND MAKING IT AVAILABLE FOR RECOMMITMENT *

IN FUTURE COURSES OF ACTION. :

Tedede e e e fedede e de e e ke e e e e e e e e e e e e e e g e e e e-'c e e e e e e ek e e e e e e e e e e e e

e e e e T JeF e e o Je e sk e e Fe S e Fe e e e e S e A e e e ok e e e

* k% YARTABLE DECLARATIONS ***
Sk Rk RARRARRIRRIR KK RIKIA KKK R RK AR KK

INTEGFR NQ,STACK(10),ITT,ITP XTGTN(IO) DECON

REAL xsrp§1o§Dxx 10),XSPEDI 10) 810 XSTATE(O 10%ND
REAL DECDIS,XDIS 10) XSPEED(0 TDMOVE, T
REAL TSTEP, CHATT(IO SC 4C(10) , RSTAT 2103 xsrp(o 10,0:50)
REAL XABIPiO 10) TDCON(10) TDECON(10 0:10)
REAL XTENG(0:10,0:25), éXABIP(iO) XCABIP(IO)
**********************************************************************

* *** DETERMINE ARRIVAL, DEPARTURE TIMES AT DECON SITE. IF MORE*

: THAN ONE UNIT AT SITE, DELAY DECON UNTIL PREVIOUS UNIT

' C
**********************************************************************

TDECON(I) = (ABS(DECDIS - XDIST(I)))/XSPEED(I) + TDMOVE
IF (N% GE 1) THEN

*NATENN

IF 4 & .GE, TDECON(STACK(H))) AND. (TDECON(I) .LT.
2 DCON ( STAC C) »)
ENggﬁ%ON(I) = TDCO (STACK(H))

10 CONTINUE
END IF

TDCON(.) = TDE”ON(I) + 4.

Ir TDCONSI) .GT. TEND) THEN
TDCON(I TEND
DECON
GO TO 1000
END IF

e e e e e e Fe v e s vl e e T v e e e v T e e e e e ¢ e v v e e e v e e Fe Fe v e vl e v e e o e v e e e e o v ke ke e e

* *kk COMPUTE POWER CURVE FOR DECONTAMINATED UNIT *#**
Fededeede e sk Jere R R e KRR R R TR TR AR TR R AR TR e K T R R e e e e e

XSTATE(I) = SQRT(0.9*(EXP(- C*(TDECON(I)-TC(I))))*XSTATI(I))

DO 100 T = TDHOVE TEND TSTEP .
ITT = ;FIX(T P)
ChATT( ) = (S%B”’O .9*(EXP(-C*(T- TC(I))))*XSTATI(I)))*O 5/

F (T EQ TP) THE N
XSIP ( ,ITT) 2 X%Ig( *RK(I)*XGTATI(I)*(EXP((-0.03-0.05)*

)
ELSE IF ((T ,LT. TDECON(L)).AND.(T .GT. TP)

ELSE g%(gr
§§§g§gg ; = §g§§§ ; gxg*xsrar:g 3*CHATT$§;/(O.5*XDIST(I))

1) & ;(I I)*XSTATE(I)/RDIST
} 2 0G $XDIST(I)3;/(XDIST(IZ;XSPEDI(I))
LOG(XCABIP(I)/CXABIP /4.
ELSE I (T LLE. TDCON(I)
XSIP(I, ITT) = CXABIP(I) *(EXP(XT(I)”(T-TDECON(I))))

KSIP(I,ITT) = XSIP(I,IFIX(TDCON(I)/TSTEP))

- 104

Tﬁ%% XSIP(I ITT 1)* TT(I)*(EXP% XD(I)*(T TDMOVE) ))
ECD

W N ML B A e e ® o BB




XABIP(I) = XSIP(I,ITT)
END IF :

100  CONTINUE
1000 RETURN
END
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